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30436.30USI2/SBA/RDG 
SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 

This application is a continuation-in-part of U.S. Serial No. 08/228,208, filed April 15, 1994, 
U.S. Serial No. OS/539,436, filed October 19, 1995, and U.S. Serial No. not yet known, filed 
June 26, 2000, which is a continuation in part of U.S. Serial No. 09/014,761, filed January 28, 
1998, which claims priority of U.S. Serial No. 60/036,549, filed January 28, 1997, now 
abandoned, the content^of all of which are incorporated by reference into the present 
application. 

Throughout this application various publications are referenced. The disclosures of these 
publications in their entireties are hereby incorporated by reference into this application in order 
to more fully describe the state of the art to which this invention pertains. 

FIELD OF THE INVENTION 

The present invention relates to the field of soluble CTLA4 molecules which are mutated from 
its wildtype counterpart and binds CD80 and/or CD86. 

BACKGROUND OF THE INVENTION 



Antigen-nonspecific intercellular interactions between T-lymphocytes and antigen-presenting 
cells (APCs) generate T cell stimulatory signals that generate T cell responses to antigen 
25 (Jenkins and Johnson 1993 Curr. Opin. Immunol. 5:361-367). Stimulatory signals determine 
the magnitude of a T cell response to antigen, and whether this response activates or 
inactivates subsequent responses to antigen (Mueller et al. 1989 Annu. Rev. Immunol. 7: 445- 
480). 

30 T cell activation in the absence of costimulation results in an aborted or anergic T cell 
response (Schwartz, R.H. 1992 Cell 71:1065-1068). One key stimulatory signal is provided 



- 1 - 



by interaction of T cell surface receptors CD28 and CTLA4 with B7 related molecules on 
APC (e.g., also known as B7-1 and B7-2, or CD80 and CD86, respectively) (P. Linsley and 
J. Ledbetter 1 993 Annu. Rev. Immunol. 11:191-212). 

5 The molecule now known as CD80 (B7-1) was originally described as a human B cell- 
associated activation antigen (Yokochi, T. et al. 1981 J. Immunol. 128:823-827; Freeman, 
G.J. et al. 1989 J. Immunol. 143:2714-2722), and subsequently identified as a counterreceptor 
for the related T cell molecules CD28 and CTLA4 (Linsley, P., et al. 1990 Proc. Natl. Acad. 
Sci. USA 87:5031-5035; Linsley, P.S. et al. 1991(a) J. Exp. Med. 173:721-730; Linsley, P.S. 
10 et al. 1991(b) J. Exp. Med. 174:561-570). 

*f More recently, another counterreceptor for CTLA4 was identified on antigen presenting cells 
JJ (APC) (Azuma, N. et al. 1993 Nature 366:76-79; Freeman 1993(a) Science 262:909-911; 
| Freeman, G.J. et al. 1993(b) J. Exp. Med. 178:2185-2192; Hathcock, K.L.S., et al. 1994 J. 
A 15 Exp. Med. 180:631-640; Lenschow, D.J. et al, 1993 Proc. Natl. Acad. Sci. USA 90:11054- 
Ji 11058; Ravi-Wolf, Z., et al. 1993 Proc. Natl. Acad. Sci. USA 90:11182-11186; Wu, Y. et al. 
3 1993 J. Exp. Med. 178:1789-1793). 

7f This molecule, now known as CD86 (Caux, C, et al. 1994 J. Exp. Med. 180:1841-1848), but 
1 20 also called B7-0 (Azuma et al., 1993, supra) or B7-2 (Freeman et al., 1993a, supra), shares 
about 25% sequence identity with CD80 in its extracellular region (Azuma et al., 1993, supra; 
Freeman et al., 1993a, supra, 1993b, supra). CD86-transfected cells trigger CD28-mediated 
T cell responses (Azuma et al., 1993, supra; Freeman et al., 1993a, 1993b, supra). 

25 Comparisons of expression of CD80 and CD86 have been the subject of several studies 
(Azuma et al. 1993, supra; Hathcock et al., 1994 supra; Larsen, CP., et al. 1994 J. Immunol. 
152:5208-5219; Stack, R.M., et al., 1994 J. Immunol. 152:5723-5733). Current data indicate 
that expression of CD80 and CD86 are regulated differently, and suggest that CD86 
expression tends to precede CD80 expression during an immune response. 

30 
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Soluble forms of CD28 and CTLA4 have been constructed by fusing variable (v)-like 
extracellular domains of CD28 and CTLA4 to immunoglobulin (Ig) constant domains 
resulting in CD28Ig and CTLA4Ig. CTLA4Ig binds both CD80 positive and CD86 positive 
cells more strongly than CD28Ig (Linsley, P. et al. 1994 Immunity 1:793-80). Many T cell- 
5 dependent immune responses are blocked by CTLA4Ig both in vitro and in vivo. (Linsley, et 
al., (1991b), supra; Linsley, P.S. et al., 1992(a) Science 257:792-795; Linsley, P. S. et al., 
1992(b) J. Exp. Med. 176:1595-1604; Lenschow, D.J. et al. 1992, Science 257:789-792; Tan, 
P. et al., 1992 J. Exp. Med. 177:165-173; Turka, L.A., 1992 Proc. Natl. Acad. Sci. USA 
89:11102-11105). 

10 

Soluble CTLA4 molecules are effective immunosuppressive agents. There is a need to 
= discover additional soluble CTLA4 molecules for treatments requiring donor-specific and 

i Ji antigen-specific tolerance. 

;0l5 SUMMARY OF THE INVENTION 

^ The invention provides soluble CTLA4 mutant molecules that bind CD80 and/or CD86. In 
^ accordance with the practice of this invention, soluble CTLA4 molecules of the invention have 
i d amino acid changes in the extracellular domain of CTLA4 so as to produce molecules which 
;i20 would retain the functional property of CTLA4, namely, the mutant molecule will still bind 

either CD80, CD86 5 or both. In some embodiments, certain mutant molecules bind CD80 and/or 

CD86 with greater or similar avidity, compared to CTLA4. 



CTLA4 mutant molecules comprise the extracellular domain of CTLA4 having an amino acid 
25 residue(s) replaced with another amino acid(s). The replacement amino acid residue can be any 
of the 20 natural amino acids or a non-naturally occurring amino acid. Embodiments of the 
mutant molecule include molecules having a single amino acid substitution at position S25, P26, 
G27, K28, A29, T30, E31, or R33. Other embodiments include mutant molecules having a single 
amino acid substitution at position K93, L96, M97, Y98, P99, P100, P101, Y102, or Y103. 
30 Additional embodiments includes mutant molecules having a single amino acid substitution at 
position L104, G105, 1106, G107, Ql 1 1, Yl 13, or II 15. 
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Examples of CTLA4 mutant molecules which bind CD86 more avidly than wildtype, e..g. 5 
CTLA4Ig, include certain mutants having amino acid substitutions at position S25 5 A29, T30 5 
K93, L96, Y103, L104, or G105. 

5 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1: Shows a schematic representation of a CTLA4Ig fusion construct as described in 
Example 1, infra. 

10 

Figure 2: Shows a photograph of a gel obtained from SDS-PAGE chromatographic purification 
of CTLA4Ig as described in Example 1 5 infra . 

Figure 3: Shofos the complete amino acid sequence encoding human CTLA4 receptor fused to 
the oncostatin Msignal peptide, and including the newly identified N-linked glycosylation site, 
as described in Example 1 5 infra . 

Figure 4: Depicts the results of FACS R analysis of binding of the B7Ig fusion protein to CD28- 
and CTLA4-transfected COS cells as described in Example 4, infra . 
20 

Figure 5: Depicts the results of FACS R analysis of binding of purified CTLA4Ig on B7 antigen- 
positive (B7*) CHO cells and on a lymphoblastoid cell line (PM LCL) as described in Example 
4, infra . 

25 Figure 6: Shows a graph illustrating competition binding analysis of 125 I labeled B7Ig to 
immobilized CTLA4Ig as described in Example 4, infra . 

Figure 7: Depicts a graph showing the results of Scatchard analysis of 125 I-labeled B7Ig binding 
to immobilized CTLA4Ig as described in Example 4, infra . 

30 
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Figure 8: Shows a photograph of a gel from SDS-PAGE chromatography of 
immunoprecipitation analysis of B7 positive CHO cells and PM LCL cells surface-labeled with 

125 

I as described in Example 4, infra . 

5 Figure 9: Depicts a graph showing the effects on proliferation of T cells of CTLA4Ig as 
measured by [ H]-thymidine incorporation as described in Example 4, infra . 

Figure 10: Shows a bar graph illustrating the effects of CTLA4Ig on helper T cell (T h )-induced 
immunoglobulin secretion by human B cells as determined by enzyme immunoassay (ELISA) as 
1 0 described in Example 4, infra . 

j 3 Figure 1 la-c: Depicts graphs showing the survival of human pancreatic islet xenografts in mice, 

ifi as described in Example 5, infra . 

^ A) Control animals treated with PBS (solid lines) or L6 (dotted lines); 

;D15 B) Animals treated with CTLA4Ig for 14 consecutive days immediately after human islet 
m transplantation; 

^ C) Animals treated with CTLA4Ig every other day for 14 days immediately after human islet 
: '-4 transplantation. 

i 

: S™ 

;^20 Figures 12: Shows photographs of histopathology slides of human islets transplanted under the 
kidney capsule of BIO mice. A) Hematoxylin and eosin staining of human islet grafted in a 
control BIO mouse; B) The tissue shown in Figure A, stained for insulin; C) Hematoxylin and 
eosin staining of a human islet in a BIO grafted mouse treated with CTLA4; D) The tissue shown 
in Figure C, stained for insulin. 

25 

Figure 13: Depicts a line graph showing the prolongation of islet graft survival with MAb to 
human B7 in streptozotocin-treated animals. 

Figure 14: Depicts a line graph showing induction of donor-specific unresponsiveness to islet 
3 0 graft antigens by CTLA4Ig. 
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Figure 15: Depicts a graph showing antibody serum titer levels of mice injected with sheep red 
blood cells (SRBC), mAb L6 and rat Ig, mAb L6 and anti-EL4, CTLA4Ig and rat Ig, CTLA4Ig 
and anti-HA The X axis measures the antibody-serum titer. The Y axis measures time in days. 
The closed box represents mice injected with SRBC at day 0 and day 46. The open box 
represents mice injected with SRBC at day 46. The closed circle represents mice injected with 
mAb L6 and rat immunoglobulin. The open circle represents mice injected with mAb L6 and 
anti-IL4 antibody. The closed triangle represents mice injected with CTLA4Ig and rat 
immunoglobulin. The open triangle represents mice injected with CTLA4Ig and anti-EL4 
antibody. 

Figure 16: Depicts a graph showing antibody serum titer levels of mice injected with KLH, mAb 
L6 and rat Ig, mAb L6 and anti-IL4, CTLA4Ig and rat Ig, CTLA4Ig and anti-EA The X axis 
measures the antibody-serum titer. The Y axis measures time in days. The closed box represents 
mice injected with keyhole limpet hemocyanin (KLH) at day 46. The closed circle represents 
mice injected with mAb L6 and rat immunoglobulin. The open circle represents mice injected 
with mAb L6 and anti-IL4 antibody. The closed triangle represents mice injected with CTLA4Ig 
and rat immunoglobulin. The open triangle represents mice injected with CTLA4Ig and anti-IL4 
antibody. 

Figure 17: Depicts sequencing alignment of CD28 and CTLA4 family members. Sequences of 
human (H), mouse^M), rat (R), and chicken (Ch) CD28 are aligned with human and mouse 
TLA4. The signal peptides are underlined with a dashed line. The transmembrane domains 
are underlined with a solidJine. The CDR-analogous regions are noted. The dark shaded areas 
highlight complete conservation of residues while the light shaded areas highlight conservative 
amino acid substitutions in all fanuly members. 

Figure 18: Depicts a graph showing the results of a binding assay of CTLA4Ig mutants with 
B7-1. The various CTLA4Ig mutants each have a residue within the MYPPPY motif replaced 
with an alanine, as described in Example 7, infra . 



Figure 19: Shows a schematic map of CTLA4/CD28Ig hybrid fusion proteins. Open areas 
represent CD28 sequence; solid areas represent CTLA4 sequence; cross-hatched areas represent 
beginning of IgG Fc (also refer to Example 7, infra ). 

5 Figures 20a-b: Depicts graphs showing the results of a binding assay of CTLA4/CD28 hybrid 
fusion molecules and B7-1. 

A) A comparison of the binding activity of CTLA4Ig, CD28Ig, HS2, HS4, and HS6; 

B) A comparison of the binding activity of CTLA4Ig, CD28Ig 5 HS5, HS4-43, and HS8. 

1 0 Figure 2 1 : A molecular model of monomelic CTLA4Ig v-like extracellular domain. 




Figure 22\Depicts the amino acid sequence of a CTLA4Ig having wildtype extracellular 
domain of CTXA4. 



0^15 Figure 23: Depicts the nucleotide and amino acid sequences of L104EIg starting at 
methionine at position +1 to aspartic acid at position +124, or alanine at position -1 to 
aspartic acid at position + 1 24. 

Figure 24: Depibts the nucleotide and amino acid sequence of L104EA29YIg starting at 
methionine at positkm +1 to aspartic acid at position +124, or alanine at position -1 to 
aspartic acid at positiota +124. 

Figure 25: Depicts the nucleotide and amino acid sequences of L104EA29LIg starting at 
^ /methionine at positibn +1 to aspartic acid at position +124, or alanine at position -1 to 




aspartic acid at positio\+124. 



1 



'30 



Figure 26: Depicts the nucleotide and amino acid sequences of L104EA29TIg starting at 
^methionine at position +1 to aspartic acid at position +124, or alanine at position -1 to 
aspartic acid at positionVl24. 
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Figure 27: Depicte the nucleotide and amino acid sequences of L104EA29WIg starting at 



aspartic acid at position^ 124. 

5 Figure 28: Depicts the results of an equilibrium binding analysis of L104EA29YIg, L104EIg, 
and wild-type CTLA4Ig to CD86Ig. L104EA29YIg binds more strongly to CD86Ig than does 
L104EIg or CTLA4Ig. Equilibrium binding constants (Kd) were determined and shown 
Example 9, infra. The lower Kd of L104EA29YIg (3.21) than L104EIg (6.06) or CTLA4Ig 
(13.9) indicates higher binding avidity to CD86Ig. The lower Kd of L104EA29YIg (3.66) 
10 than L104EIg (4.47) or CTLA4Ig (6.5 1) indicates higher binding avidity to CD80Ig. . 

t Figure 29: Depicts the results of a FACS assay, showing L104EA29YIg and L104EIg bind 

J more strongly to CHO cells stably transfected with human CD86 than does CTLA4Ig. A) 

0 L104EA29YIg and L104Eig binding to human CD80 CHO-tranfected cells; B) 

2 15 L104EA29YIg and L104Eig binding to human CD86 CHO-tranfected cells. 

Figure 30: Depicts the results of in vitro functional assays showing that L104EA29YIg is 
-10-fold more effective than CTLA4Ig at inhibiting proliferation of CD86 + PMA treated 
human T cells. Inhibition of CD80 + PMA stimulated proliferation by CTLA4Ig and 
§ 20 L104EA29YIg is more equivalent. A) L104EA29YIg inhibits proliferation of CD80 + PMA 
treated human T cells; B) L104EA29YIg inhibits proliferation of CD86 + PMA treated 
human T cells. 

Figure 31: Depicts the results of in vitro functional assays, showing L104EA29YIg is 
25 approximately 10-fold more effective than CTLA4Ig at inhibiting proliferation of primary and 
secondary allostimulated T cells. A) The effect of L103EA29YIg on primary allostimulated 
T cells: B) The effect of L103EA29YIg on secondary allostimulated T cells. 

Figure 32: Depicts the results of in vitro functional assays, showing L104EA29YIg is 5-7- 
30 fold more effective than CTLA4Ig at inhibiting IL-2, IL-4, and y-interferon cytokine 
production of allostimulated human T cells. A) The effect of L104EA29YIg on IL-2 
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production; B) The effect of L104EA29YIg on IL-4 production; C) The effect of 
L 1 04E A29 Ylg on gamma-IFN production. 

Figure 33: Depicts the results of in vitro functional assays, showing L104EA29YIg is -10- 
fold more effective than CTLA4Ig at inhibiting proliferation of PHA-stimulated monkey 
PBMC's. 

Figure 34: Depicts the results of in vitro functional assays, showing inhibition of proliferation 
of T cells stimulated with PMA and CD80-CHO or CD86-CHO cells. A) The inhibitory 
effect of L104EIg and L104SIg on T cells stimulated with PMA blasts and CD80-CHO cells; 
B) the inhibitory effect of L104DIg and L104SIg on T cells stimulated with PMA blasts and 
CD80-CHO cells. 

Figure 35: Depicts the results of a FACS assay, showing L104EIg and L104EG105FIg bind 
CHO cells stably transfected with human CD80 or CD86. A) L104EIg and L104EG105FIg 
bind to human CD80 CHO-transfected cells; B) L104EIg and L104E105FIg bind to human 
CD86 CHO-transfected cells. 

Figure 36: Depicts the results of in vitro functional assays, showing L104EIg and 
L104EG105FIg inhibit proliferation of primary allostimulated T cells. 

Figure 37: Figure \35: Depicts the results of a FACS assay, showing L104EIg and 
104ES25RIg bind CHO cells stably transfected with human CD80 or CD86. A)L104EIgand 
L104ES25RIg bind to human CD80 CHO-transfected cells; B) L104EIg and L104ES25RIg 
bind to human CD86 CHO-transfected cells. 

DETAILED DESCRIPTION OF THE INVENTION 



DEFINITIONS 

As used in this application, the following words or phrases have the meanings specified. 



As used herein a "CTLA4 mutant molecule" is a molecule including full length CTLA4 or 
portions thereof (e.g., fragments) having the activity of binding CD80 and/or CD86 and that has 
a mutation or multiple mutations in the extracellular domain of CTLA4, so that the sequence of 
5 the mutant molecule is not identical to the wildtype CTLA4 molecule. The CTLA4 mutant 
molecules may be fusion molecules comprising a non-CTLA4 molecule attached thereto. The 
mutant molecules may be soluble (i.e., circulating) or bound to a surface. CTLA4 mutant 
molecules can be made synthetically or recombinantly. 

10 As used herein, the term "mutation" means a change in the amino acid sequence of the wild-type 
CTLA4 extracellular domain. The amino acid changes include substitutions, deletions, 
insertions, additions, or truncations. The mutant molecule can have one or more mutations. 

As used herein "the extracellular domain of CTLA4" is the portion of the CTLA4 receptor that 
1 5 extends outside the cell membrane or any portion thereof which recognizes and binds CD80 
and/or CD86. 

As used herein "CTLA4" has the sequence of wildtype, fall length CTLA4 as shown in Figure 3 
of U.S. Patent Nos. 5,434,131, 5,844,095, 5,851,795, or any portion thereof which binds CD80 
or CD86 or interferes with CD80 or CD86 so that it blocks binding to CD28 or CTLA4 (e.g., 

20 endogenous CD28 or CTLA4). CTLA4 is a cell surface protein, having an N-terminal 
extracellular domain, a transmembrane domain, and a C-terminal cytoplasmic domain. The 
extracellular domain binds to target antigens, such as CD80 or CD86. In a cell, the naturally 
occurring, wild type CTLA4 protein is translated as an immature polypeptide, which includes a 
signal peptide at the N-terminal end. The immature polypeptide undergoes post-translational 

25 processing, which includes cleavage and removal of the signal peptide to generate a CTLA4 
cleavage product having a newly generated N-terminal end that differs from the N-terminal end 
in the immature form. One skilled in the art will appreciate that additional post-translational 
processing may occur, which removes one or more of the amino acids from the newly generated 
N-terminal end of the CTLA4 cleavage product. The mature form of the CTLA4 molecule 

30 includes the extracellular domain or any portion thereof which binds to CD80 and/or CD86. 
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One embodiment of a soluble CTLA4 has been deposited with the American Type Culture 
Collection (ATCC) in Manassas, Maryland, under the provisions of the Budapest Treaty on May 
31, 1991 and has been accorded ATCC accession number: 68629. ATCC 68629 is DNA 
encoding CTLA4lg. Additionally, the CTLA4Ig-24 CHO cell line has been deposited with the 

5 ^ATCC under the Budapest Treaty ^on May 31, 1991 and has been accorded accession number 
/ ATCC 10762. DNA encoding L10HEA29YIg was submitted for deposit on June 19, 2000 

' with the American Type Culture Collection (ATCC), 10801 University Blvd., Manassas, VA 
201 10-2209. The ATCC accession numbV has not yet been assigned. 

10 As used herein a fl non-CTLA4 protein sequence" or "non-CTLA4 molecule" means any 
protein molecule which does not bind CD80 and/or CD86 and does not interfere with the 
binding of CTLA4 to its target. An example includes, but is not limited to, an immunoglobulin 
(Ig) constant region or portion thereof. Preferably, the Ig constant region is a human or monkey 
Ig constant region, e.g., human C(gamma)l, including the hinge, CH2 and CH3 regions. The Ig 

15 constant region can be mutated to reduce its effector functions (U.S. Patent Nos: 5,844,095; 
5,851,795; and 5,885,796). 

As used herein a "fragment" is any portion of CTLA4 mutant molecule, preferably the 
extracellular domain of CTLA4 or a portion thereof that recognizes and binds its target, e.g., 
20 CD80 and/or CD86. 



As used herein "blocks T cell proliferation" means to bind CD80 or CD86, e.g., on APCs, so 
that T cell proliferation is detectably inhibited by an art recognized test such as by nucleotide 
25 incorporation into DNA or clonogenic assay. 

As used herein "blocking B7 interaction" means to interfere with the binding of B7 to its ligands 
such as CD28 and/or CTLA4 thereby obstructing T cell and B cell interaction. 

30 As used herein "regulating functional CTLA4 positive T cell interaction" means to suppress an 
immune response directly or indirectly. 



- 11 - 



% % 

As used herein "at least a portion" means any part of the molecule which recognizes and binds its 
target, e.g., CD80 or CD86. 

5 As used herein "immunoproliferative disease" means any disease mediated by T cell interactions 
with CD80 or CD86 positive cells including but not limited to graft versus host disease (GVHD); 
psoriasis; immune disorders associated with graft transplantation rejection; T cell lymphoma; T 
cell acute lymphoblastic leukemia; testicular angiocentric T cell lymphoma; benign lymphocytic 
angiitis; and autoimmune diseases such as lupus erythematosus, Hashimoto's thyroiditis, primary 
10 myxedema, Graves 1 disease, pernicious anemia, autoimmune atrophic gastritis, Addison's 
disease, insulin dependent diabetes mellitis, good pasture's syndrome, myasthenia gravis, 
^ pemphigus, Crohn's disease, sympathetic ophthalmia, autoimmune uveitis, multiple sclerosis, 
i ji autoimmune hemolytic anemia, idiopathic thrombocytopenia, primary biliary cirrhosis, chronic 
action hepatitis, ulceratis colitis, Sjogren's syndrome, rheumatoid arthritis, polymyositis, 
1 5 scleroderma, and mixed connective tissue disease. 

^ In order that the invention herein described may be more fully understood, the following 
'j description is set forth. 

§20 COMPOSITIONS OF THE INVENTION 

The present invention provides soluble CTLA4 mutant molecules which recognize and bind 
CD80 and/or CD86. In some embodiments, the CTLA4 mutant molecules have similar or lower 
avidity to CD80 and/or CD86 than CTLA4Ig. The preferred embodiment includes soluble 
25 CTLA4 mutants having a higher avidity to CD80 and/or CD86 than CTLA4Ig. The preferred 
mutant molecules should be better able to interfere or disrupt the priming of antigen specific 
activated cells than CTLA4Ig 

The present invention provides CTLA4 mutant molecules comprising at least the extracellular 
30 domain of CTLA4 or portions thereof that bind CD80 and/or CD86. The extracellular portion of 
CTLA4 comprises methionine at position +1 through aspartic acid at position +124 (e.g., Figure 
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3 or 22). The extracellular portion of the CTLA4 can comprise alanine at position -1 through 
aspartic acid at position +124 (e.g., Figure 3 or 22). The extracellular portion of the CTLA4 can 
comprise glutamic acid at position +95 through cysteine at position +120. The extracellular 
portion of the CTLA4 can comprise methionine at position +1 through cysteine at position +21 
5 and glutamic acid at position +95 through aspartic acid at position +122. The extracellular 
portion of the CTLA4 can comprise methionine at position +1 through tyrosine at position +23 
and valine at position +32 through aspartic acid at position +122. The extracellular portion of 
the CTLA4 can comprise alanine at position +24 through glutamic acid at position +31 and 
glutamic acid at position +95 through aspartic acid at position +122. The extracellular portion of 
10 the CTLA4 can comprise alanine at position +24 through glutamic acid at position +31 and 
glutamic acid at position +95 through isoleucine at position +1 12. The extracellular portion of 
[% the CTLA4 can comprise alanine at position +24 through glutamic acid at position +31 and 
P tyrosine at position +113 through aspartic acid at position +122. The extracellular portion of the 
■O CTLA4 can comprise alanine at position +50 through glutamic acid at position +57 and glutamic 
^15 acid at position +95 through aspartic acid at position +122. The extracellular portion of the 
Un CTLA4 can comprise alanine at position +24 through glutamic acid at position +31; alanine at 
q position +50 through glutamic acid at position +57; and glutamic acid at position +95 through 
aspartic acid at position +122. The extracellular portion of the CTLA4 can comprise alanine at 
y position +50 through glutamic acid at position +57 and glutamic acid at position +95 through 
^20 isoleucine at position +112. The extracellular portion of the CTLA4 can comprise alanine at 
position +24 through glutamic acid at position +31; alanine at position +50 through glutamic 
acid at position +57; and glutamic acid at position +95 through aspartic acid at position +122. 
The extracellular portion of CTLA4 can comprise alanine at position +24 through valine at 
position +94. The extracellular portion of CTLA4 can comprise alanine at position -1 through 
25 cysteine at position +21. The extracellular portion of CTLA4 can comprise methionine at 
position +1 through cysteine at position +21. The extracellular portion of CTLA4 can comprise 
glutamic acid at position +95 through aspartic acid at position +122. The extracellular portion of 
CTLA4 can comprise alanine at position -1 through valine at position +94. The extracellular 
portion of CTLA4 can comprise methionine at position +1 through valine at position +94. The 
30 extracellular portion of CTLA4 can comprise alanine at position +24 through glutamic acid at 
position +31. The extracellular portion of CTLA4 can comprise alanine at position -1 through 
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tyrosine at position +23. The extracellular portion of CTLA4 can comprise methionine at 
position +1 through tyrosine at position +23. The extracellular portion of CTLA4 can comprise 
valine at position +32 through aspartic acid at position +122. The extracellular portion of 
CTLA4 can comprise tyrosine at position +113 through aspartic acid at position +122. The 
5 extracellular portion of CTLA4 can comprise glutamic acid at position +95 through isoleucine at 
position +1 12. The extracellular portion of CTLA4 can comprise alanine at position +50 through 
glutamic acid at position +57. 

In one embodiment, the soluble CTLA4 mutant molecules comprise one or more mutations 
10 (e.g., amino acid substitutions, deletions, or insertions) in the extracellular domain of CTLA4. 

[% For example, the soluble CTLA4 mutant molecules can include a mutation or mutations within 
j J or in close proximity to the region encompassed by serine at position +25 through arginine at 
g position +33 (e.g., S25-R33). The mutant CTLA4 molecules can include an amino acid 
q 15 substitution at any one or more of the following positions: S25, P26, G27, K28, A29, T30, E31, 
m orR33. 

J! In another embodiment, the soluble CTLA4 mutant molecules can include a mutation or 
mutations within or in close proximity to the region encompassed by glutamic acid at position 

g20 +95 to glycine at position +107 (e.g., E95-G107) The mutant CTLA4 molecules can include an 
amino acid substitution at any one or more of the following positions: K93, L96, M97, Y98, P99, 
P100, P101, Y102, Y103, L104, G105, 1106, and G107. 

Additionally, the invention provides soluble CTLA4 mutant molecules having a mutation or 
25 mutations within or in close proximity to the region encompassed by asparagine +108 to 
isoleucine at position +115 (e.g., N108-I115). The mutant CTLA4 molecule can include an 
amino acid substitution at any one or more of the following positions: L104, G105, 1106, G107, 
QUI, Y113, or 1115. Examples of CTLA4 molecules having mutations in the CTLA4 
extracellular domain are included in Tables 2, 3, and 4. 

30 
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Additionally, the invention provides mutant molecules having one mutation in the 
extracellular domain of CTLA4. Examples include the following: 



Single-site mutant: 


Codon change: 


L104EIg 


Glutamic acid GAG 


L104SIg 


Serine AGT 


L104TIg 


Threonine ACG 


L104AIg 


Alanine GCG 


L104WIg 


Tryptophan TGG 


L104QIg 


Glutamine CAG 


L104KIg 


Lysine AAG 


L104RIg 


Arginine CGG 


L104GIg 


Glycine GGG 



Further, the invention provides mutant molecules having two mutations in the extracellular 
domain of CTLA4. Examples include the following: 



Double-site mutants: 


Codon change: 


L104EG105FIg 


Phenylalanine TTC 


L104EG105WIg 


Tryptophan TGG 


L104EG105LIg 


Leucine CTT 


L104ES25RIg 


Arginine CGG 


L104ET32GIg 


Glycine GGG 


L104ET32NIg 


Asparagine AAT 


L104EA29YIg 


Tyrosine TAT 


L104EA29LIg 


Leucine TTG 


L104EA29Tig 


Threonine ACT 


L104EA29Wig 


Tryptophan TGG 
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Further still, the invention provides mutant molecules having three mutations in the 
extracellular domain of CTLA4. Examples include the following: 



Triple-site Mutants: 


Codon changes: 


L104EA29YS25KIg 


Lysine AAA 


L104EA29YS25KIg 


Lysine AAG 


L104EA29YS25NIg 


Asparagine AAC 


L104EA29YS25RIg 


Arginine CGG 



5 

The invention additionally provides soluble CTLA4 mutant molecules comprising an 
extracellular domain of mutant CTLA4 and a moiety that alters the solubility, affinity and/or 
valency of the CTLA4 mutant molecule for binding CD80 and/or CD86. 



10 In accordance with a practice of the invention, the moiety can be an immunoglobulin constant 
region or portion thereof. For in vivo use, it is preferred that the immunoglobulin constant 
region does not elicit a detrimental immune response in the subject. For example, in clinical 
protocols, it may be preferred that mutant molecules include human or monkey 
immunoglobulin constant regions. One example of a suitable immunoglobulin region is 

15 human C(gamma)l, comprising the hinge, CH2, and CH3 regions. Other isotypes are 
possible. Further, other immunoglobulin constant regions are possible (preferably other 
weakly or non-immunogenic immunoglobulin constant regions). The Ig can have one or 
more mutations therein, e.g., in the CH2 domain, to reduce effector functions such as CDC or 
ADCC. 

20 

In one embodiment, the soluble CTLA4 mutant molecule comprises the extracellular domain 
of CTLA4 joined to an immunoglobulin (Ig) portion, wherein the Ig has one or more 
mutations therein. The Ig portion can include the hinge, CH2, and CH3 regions which can 
mediate effector function of the soluble CTLA4 mutant molecule, such as binding to Fc 
25 receptors, mediating complement-dependent cytotoxicity (e.g., CDC), or mediate antibody- 
dependent cell-mediated cytotoxicity (e.g., ADCC). The mutation in the immunoglobulin 
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can modulate the binding capability of the immunoglobulin portion to its ligand, such as 
increase or decrease the binding capability of the immunoglobulin portion to the Fc receptors. 

In a preferred embodiment, the soluble CTLA4 mutant molecule includes the immunoglobulin 
5 portion (e.g., hinge, CH2 and CH3 domains), where any or all of the cysteine residues, within the 
hinge domain are substituted with serine, for example, the cysteines at positions +130, +136, or 
+139 (Figure 1 or 22). The mutant molecule may also include the proline at position +148 
substituted with a serine, as shown in Figure 22. 

10 In another preferred embodiment, the soluble CTLA4 mutant molecule includes the 
immunoglobulin portion (e.g., hinge, CH2 and CH3 domains), having the leucine at position 
+144 substituted with phenylalanine, the leucine at position +145 substituted with glutamic acid, 
iji or glycine at position +147 substituted with alanine. 

15 Other moieties include polypeptide tags. Examples of suitable tags include but are not limited to 

!H p97 molecule, env gpl20 molecule, E7 molecule, and ova molecule (Dash, B., et al. 1994 J. 

q Gen. Virol 75:1389-97; Ikeda, T., et al. 1994 Gene 138:193-6; Falk, K. 5 et al. 1993 Cell 

^ Immunol 150:447-52; Fujisaka, K. et al. 1994 Virology 204:789-93). Other molecules are 

iTj possible (Gerard, C. et al. 1994 Neuroscience 62:721; Byrn, R. et al. 1989 63:4370; Smith, D. et 

;520 al, 1987 Science 238:1704; Lasky, L., 1996 Science 233:209). 

Soluble CTLA4 mutant molecules can have a junction amino acid residue which is located 
between the CTLA4 portion and the immunoglobulin portion of the molecule. The junction 
amino acid can be any amino acid, including glutamine. The junction amino acid can be 
25 introduced by molecular or chemical synthesis methods known in the art. 

The present invention provides CTLA4 mutant molecules including a signal peptide sequence 
linked to the N-terminal end of the extracellular domain of the CTLA4 portion of the mutant 
molecule. The signal peptide can be any sequence that will permit secretion of the mutant 
30 molecule, including the signal peptide from oncostatin M (Malik, et al., 1989 Molec. Cell Biol 
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9: 2847-2853), or CDS (Jones, N. H. et al., 1986 Nature 323:346-349), or the signal peptide from 
any extracellular protein. 

The invention provides L104EIg (Figure 23) which is a mutant molecule including a CTLA4 
5 portion encompassing methionine at position +1 through aspartic acid at position +124, a 
junction amino acid residue glutamine at position +125, and an immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that leucine at position +104 is 
substituted with glutamic acid. The hinge portion of the mutant molecule is mutated so that the 
10 cysteines at positions +130, +136, and +139 are substituted with serine, and the proline at 
position +148 is substituted with serine. Alternatively, L104EIg can have a CTLA4 portion 
! ^ encompassing alanine at position -1 through aspartic acid at position +124. 

i 

q The invention provides L104SIg which is a mutant molecule including a CTLA4 portion 
15 encompassing methionine at position +1 through aspartic acid at position +124, a junction amino 
\j\ acid residue glutamine at position +125, and an immunoglobulin portion encompassing glutamic 
!U acid at position +126 through lysine at position +357. The portion having the extracellular 
^ domain of CTLA4 is mutated so that leucine at position +104 is substituted with serine. The 
ijj hinge portion of the mutant molecule is mutated so that the cysteines at positions +130, +136, 
^20 and +139 are substituted with serine, and the proline at position +148 is substituted with serine. 

Alternatively, L104SIg can have a CTLA4 portion encompassing alanine at position -1 through 

aspartic acid at position +124. 

The invention provides L104EA29YIg (Figure 24) which is a mutant molecule including a 
25 CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
substituted with tyrosine and leucine at position +104 is substituted with glutamic acid. The 
30 immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
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with serine. Alternatively, L104EA29YIg can have a CTLA4 portion encompassing alanine at 
position -1 through aspartic acid at position +124. 

5 The invention provides L104EA29LIg (Figure 25) which is a mutant molecule including a 
CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
10 substituted with leucine, and leucine at position +104 is substituted with glutamic acid. The 
immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
with serine. Alternatively, L104EA29LIg can have a CTLA4 portion encompassing alanine at 
position -1 through aspartic acid at position +124. 

15 

The invention provides L104EA29TIg (Figure 26) which is a mutant molecule including a 
CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 

20 having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
substituted with threonine, and leucine at position +104 is substituted with glutamic acid. The 
immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
with serine. Alternatively, L104EA29TIg can have a CTLA4 portion encompassing alanine at 

25 position -1 through aspartic acid at position +124. 

The invention provides L104EA29WIg (Figure 27) which is a mutant molecule including a 
CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
30 encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
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substituted with tryptophan, and leucine at position +104 is substituted with glutamic acid. The 
immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
with serine. Alternatively, L104EA29WIg can have a CTLA4 portion encompassing alanine 
5 at position -1 through aspartic acid at position +124. 

The invention provides L104EG105FIg which is a mutant molecule including a CTLA4 portion 
encompassing methionine at position +1 through aspartic acid at position +124, a junction amino 
acid residue glutamine at position +125, and the immunoglobulin portion encompassing glutamic 
10 acid at position +126 through lysine at position +357. The portion having the extracellular 
domain of CTLA4 is mutated so that leucine at position +104 is substituted with glutamic acid, 
and glycine at position +105 is substituted with phenylalanine. Alternatively, L104EG105FIg 
can have a CTLA4 portion encompassing alanine at position -1 through aspartic acid at 
position +124. 

!5 

The invention provides L104ES25RIg which is a mutant molecule including a CTLA4 portion 
encompassing methionine at position +1 through aspartic acid at position +124, a junction amino 
acid residue glutamine at position +125, and the immunoglobulin portion encompassing glutamic 
acid at position +126 through lysine at position +357. The portion having the extracellular 
20 domain of CTLA4 is mutated so that serine at position +25 is substituted with arginine, and 
leucine at position +104 is substituted with glutamic acid. Alternatively, L104ES25RIg can 
have a CTLA4 portion encompassing alanine at position -1 through aspartic acid at position 
+124. 

25 The invention provides L104EA29YS25KIg which is a mutant molecule including a CTLA4 
portion encompassing methionine at position +1 through aspartic acid at position +124, a 
junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that serine at position +25 is substituted 

30 with lysine, alanine at position +29 is substituted with tyrosine, and leucine at position +104 is 
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substituted with glutamic acid. Alternatively, L104EA29YS25KIg can have a CTLA4 portion 
encompassing alanine at position -1 through aspartic acid at position +124. 

The invention provides L104EA29YS25RIg which is a mutant molecule including a CTLA4 
5 portion encompassing methionine at position +1 through aspartic acid at position +124, a 
junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that serine at position +25 is substituted 
with arginine, alanine at position +29 is substituted with tyrosine, and leucine at position +104 is 
10 substituted with glutamic acid. Alternatively, L104EA29YS25RIg can have a CTLA4 portion 
encompassing alanine at position -1 through aspartic acid at position +124. 

The invention further provides nucleic acid molecules comprising nucleotide sequences 
encoding the amino acid sequences of the soluble CTLA4 mutant molecules of the invention. In 
15 one embodiment, the nucleic acid molecule is a DNA (e.g., cDNA) or a hybrid thereof. 
Alternatively, the nucleic acid molecules are RNA or a hybrid thereof. 

Additionally, the invention provides a vector which comprises the nucleotide sequences of the 
invention. A host vector system is also provided. The host vector system comprises the vector 
20 of the invention in a suitable host cell. Examples of suitable host cells include but are not limited 
to prokaryotic and eukaryotic cells. 

The invention further provides methods for producing a protein comprising growing the host 
vector system of the invention so as to produce the protein in the host and recovering the protein 
25 so produced. 

CTLA4Ig CODON-BASED MUTAGENESIS 

In one embodiment, site-directed mutagenesis and a novel screening procedure were used to 
30 identify several mutations in the extracellular domain of CTLA4 that improve binding avidity 
for CD86, while only marginally altering binding to CD80. In this embodiment, mutations 
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were carried out in residues in serine 25 to arginine 33, the C strand (alanine 49 and 
threonine 51), the F strand (lysine 93, glutamic acid 95 and leucine 96), and in methionine 97 
through tyrosine 102, tyrosine 103 through glycine 107 and in the G strand at positions 
glutamine 111, tyrosine 113 and isoleucine 115. These sites were chosen based on studies of 
chimeric CD28/CTLA4 fusion proteins (J. Exp. Med., 1994, 180:2049-2058), and on a model 
predicting which amino acid residue side chains would be solvent exposed, and a lack of 
amino acid residue identity or homology at certain positions between CD28 and CTLA4. 
Also, any residue which is spatially in close proximity (5 to 20 Angstrom Units) to the 
identified residues are considered part of the present invention. 

To synthesize and screen soluble CTLA4 mutant molecules with altered affinities for CD86, a 
two-step strategy was adopted. The experiments entailed first generating a library of mutations 
at a specific codon of an extracellular portion of CTLA4 and then screening these by BIAcore 
analysis to identify mutants with altered reactivity to CD80 or CD86. 

METHODS OF MAKING COMPOSITIONS OF THE INVENTION 



4 Expression of CTLA4 mutant molecules in prokaryotic cells is preferred for some purposes, 
y Prokaryotes most frequently are represented by various strains of bacteria. The bacteria may be 
:? 20 a gram positive or a gram negative. Typically, gram-negative bacteria such as E. coli are 
preferred. Other microbial strains may also be used. 

Sequences encoding CTLA4 mutant molecules can be inserted into a vector designed for 
expressing foreign sequences in prokaryotic cells such as E. colt These vectors can include 

25 commonly used prokaryotic control sequences which are defined herein to include promoters for 
transcription initiation, optionally with an operator, along with ribosome binding site sequences, 
include such commonly used promoters as the beta-lactamase (penicillinase) and lactose (lac) 
promoter systems (Chang, et al., 1977 Nature 198:1056), the tryptophan (tip) promoter system 
(Goeddel, et al., 1980 Nucleic Acids Res. 8:4057) and the lambda derived P L promoter and N- 

30 gene ribosome binding site (Shimatake, et al., 1981 Nature 292:128"). 



-22- 



Such vectors will also include origins of replication and selectable markers, such as a beta- 
lactamase or neomycin phosphotransferase gene conferring resistance to antibiotics so that the 
vectors can replicate in bacteria and cells carrying the plasmids can be selected for when grown 
in the presence of ampicillin or kanamycin. 

The expression plasmid can be introduced into prokaryotic cells via a variety of standard 
methods, including but not limited to CaCl 2 -shock (Cohen, 1972 Proc. Natl. Acad ScL USA 
69:21 10, and Sambrook et al. (eds.), "Molecular Cloning: A Laboratory Manual", 2nd Edition, 
Cold Spring Harbor Press, (1989)) and electroporation. 

In accordance with the practice of the invention, eukaryotic cells are also suitable host cells. 
Examples of eukaryotic cells include any animal cell, whether primary or immortalized, yeast 
(e.g., Saccharomyces cerevisiae, Schizosaccharomyces pombe, and Pichia pastoris), and plant 
cells. Myeloma, COS and CHO cells are examples of animal cells that may be used as hosts. 
Exemplary plant cells include tobacco (whole plants or tobacco callus), corn, soybean, and rice 
cells. Corn, soybean, and rice seeds are also acceptable. 

Sequences encoding the CTLA4 mutant molecules can be inserted into a vector designed for 
expressing foreign sequences in a eukaryotic host. The regulatory elements of the vector can 
vary according to the particular eukaryotic host. 

Commonly used eukaryotic control sequences include promoters and control sequences 
compatible with mammalian cells such as, for example, CMV promoter (CDM8 vector) and 
avian sarcoma virus (ASV) (71LN vector). Other commonly used promoters include the early 
and late promoters from Simian Virus 40 (SV40) (Fiers, et al, 1973 Nature 273:113), or other 
viral promoters such as those derived from polyoma, Adenovirus 2, and bovine papilloma virus. 
An inducible promoter, such as hMTTI (Karin, et al., 1982 Nature 299:797-802) may also be 
used. 
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Vectors for expressing CTLA4 mutant molecules in eukaiyotes may also carry sequences called 
enhancer regions. These are important in optimizing gene expression and are found either 
upstream or downstream of the promoter region. 

5 Sequences encoding CTLA4 mutant molecules can integrate into the genome of the eukaryotic 
host cell and replicate as the host genome replicates. Alternatively, the vector carrying CTLA4 
mutant molecules can contain origins of replication allowing for extrachromosomal replication. 

For expressing the sequences in Saccharomyces cerevisiae, the origin of replication from the 
10 endogenous yeast plasmid, the 2\i circle could be used. (Broach, 1983 Meth. Enz. 101:307). 
Alternatively, sequences from the yeast genome capable of promoting autonomous replication 
could be used (see, for example, Stinchcomb et al., 1979 Nature 282:39); Tschemper et al., 1980 
Gene 10:157; and Clarke et al., 1983 Meth. Enz. 101:300). 

15 Transcriptional control sequences for yeast vectors include promoters for the synthesis of 
glycolytic enzymes (Hess et al., 1968 J. Adv. Enzyme Reg. 7:149; Holland et al., 1978 
Biochemistry 17:4900). Additional promoters known in the art include the CMV promoter 
provided in the CDM8 vector (Toyama and Okayama, 1990 FEBS 268:217-221); the promoter 
for 3-phosphoglycerate kinase (Hitzeman et al., 1980 J. Biol Chem. 255:2073), and those for 

20 other glycolytic enzymes. 

Other promoters are inducible because they can be regulated by environmental stimuli or the 
growth medium of the cells. These inducible promoters include those from the genes for heat 
shock proteins, alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, enzymes 
25 associated with nitrogen catabolism, and enzymes responsible for maltose and galactose 
utilization. 

Regulatory sequences may also be placed at the 3' end of the coding sequences. These sequences 
may act to stabilize messenger RNA. Such terminators are found in the 3* untranslated region 
30 following the coding sequences in several yeast-derived and mammalian genes. 
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Exemplary vectors for plants and plant cells include but are not limited to Agrobacterium Ti 
plasmids, cauliflower mosaic virus (CaMV), tomato golden mosaic virus (TGMV). 

General aspects of mammalian cell host system transformations have been described by Axel 
5 (U.S. Patent No. 4,399,216 issued Aug. 16, 1983). Mammalian cells can be transformed by 
methods including but not limited to, transfection in the presence of calcium phosphate, 
microinjection, electroporation, or via transduction with viral vectors. 

Methods for introducing foreign DNA sequences into plant and yeast genomes include (1) 
10 mechanical methods, such as microinjection of DNA into single cells or protoplasts, vortexing 
cells with glass beads in the presence of DNA, or shooting DNA-coated tungsten or gold spheres 
into cells or protoplasts; (2) introducing DNA by making protoplasts permeable to 
lis macromolecules through polyethylene glycol treatment or subjection to high voltage electrical 
^ pulses (electroporation); or (3) the use of liposomes (containing cDNA) which fuse to 
;Dl5 protoplasts. 

: —i. 

: r 5 : 

^ Expression of CTLA4 mutant molecules can be detected by methods known in the art. For 
example, the mutant molecules can be detected by Coomassie staining SDS-PAGE gels and 
iTj immunoblotting using antibodies that bind CTLA4. Protein recovery can be performed using 
5 rf20 standard protein purification means, e.g., affinity chromatography or ion-exchange 
chromatography, to yield substantially pure product (R. Scopes in: "Protein Purification, 
Principles and Practice", Third Edition, Springer-Verlag 1994). 

The soluble CTLA4 mutant molecule can be isolated by molecular or chemical synthesis 
25 methods. The molecular methods may include the following steps: introducing a suitable host 
cell with a nucleic acid molecule that expresses and encodes the soluble CTLA4 mutant 
molecule; culturing the host cell so introduced under conditions that permit the host cell to 
express the mutant molecules; and isolating the expressed mutant molecules. The signal peptide 
portion of the mutant molecule permits the expressed protein molecules to be secreted by the 
30 host cell. The secreted mutant molecules can undergo post-translational modification, involving 
cleavage of the signal peptide to produce a mature protein having the CTLA4 and the 
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immunoglobulin portions. The cleavage may occur after the alanine at position -1, resulting in a 
mature mutant molecule having methionine at position +1 as the first amino acid (Figure 22). 
Alternatively, the cleavage may occur after the methionine at position -2, resulting in a mature 
mutant molecule having alanine at position -1 as the first amino acid. 

5 

Making Monoclonal Antibodies of the invention 

Monoclonal antibodies reactive with CTLA4 mutant molecules, may be produced by hybridomas 
prepared using known procedures, such as those introduced by Kohler and Milstein (Kohler and 
10 Milstein, Nature , 256:495-97 (1975)), and modifications thereof, to regulate cellular interactions. 

^ These techniques involve the use of an animal which is primed to produce a particular antibody, 

iji The animal can be primed by injection of an immunogen (e.g. a soluble CTLA4 mutant 

; Q molecule) to elicit the desired immune response, i.e. production of antibodies from the primed 

^15 animal. Lymphocytes derived from the lymph nodes, spleens or peripheral blood of primed, 

i Jj diseased animals can be used to search for a particular antibody. The lymphocyte chromosomes 

j«% encoding desired immunoglobulins are immortalized by fusing the lymphocytes with myeloma 

jj cells, generally in the presence of a fusing agent such as polyethylene glycol (PEG). Any of a 

y number of myeloma cell lines may be used as a fusion partner according to standard techniques; 

!^ 20 for example, the P3-NSl/l-Ag4-l, P3-x63-Ag8.653, Sp2/0-Agl4, or HL1-653 myeloma lines. 
These myeloma lines are available from the ATCC, Manassas, Maryland. 

The resulting cells, which include the desired hybridomas, are then grown in a selective medium 
such as HAT medium, in which unfused parental myeloma or lymphocyte cells eventually die. 
25 Only the hybridoma cells survive and can be grown under limiting dilution conditions to obtain 
isolated clones. The supernatants of the hybridomas are screened for the presence of antibodies 
of the desired specificity, e.g. by immunoassay techniques using the CTLA4 mutant molecule 
that has been used for immunization. Positive clones can then be subcloned under limiting 
dilution conditions, and the monoclonal antibody produced can be isolated. 

30 
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Various conventional methods can be used for isolation and purification of the monoclonal 
antibodies so as to obtain them free from other proteins and contaminants. Commonly used 
methods for purifying monoclonal antibodies include ammonium sulfate precipitation, ion 
exchange chromatography, and affinity chromatography (Zola et al., in Monoclonal Hvbridoma 
5 Antibodies: Techniques and Applications, Hurell (ed.) pp. 51-52 (CRC Press, 1982)). 
Hybridomas produced according to these methods can be propagated in vitro or in vivo (in 
ascites fluid) using techniques known in the art (Fink et al., Prog. Clin. Pathol .. 9:121-33 (1984)). 

Generally, the individual cell line may be propagated in vitro , for example, in laboratory culture 
10 vessels, and the culture medium containing high concentrations of a single specific monoclonal 
antibody can be harvested by decantation, filtration, or centrifugation. 

if! In addition, fragments of these antibodies containing the active binding region reactive with the 

J extracellular domain of CTLA4 mutant molecule, such as Fab, F(ab')2 and Fv fragments may be 

[0 15 produced. Such fragments can be produced using techniques well established in the art (e.g. 

in Rousseaux et al., in Methods Enzvmol .. 121:663-69, Academic Press (1986)). 

'^4 METHODS FOR USING THE COMPOSITIONS OF THE INVENTION 

■^20 Additionally, the invention provides methods for regulating functional CTLA4- and CD28- 
positive T cell interactions with CD80- and/or CD86-positive cells. The methods comprise 
contacting the CD80- and/or CD86-positive cells with a soluble CTLA4 mutant molecule of the 
invention thereby regulating functional CTLA4 and/or CD28 T cell interactions with CD80- 
and/or CD86-positive cells. In one embodiment of the invention, the soluble CTLA4 mutant 

25 molecule is a fusion protein that contains at least a portion of the extracellular domain of mutant 
CTLA4. In another embodiment, the soluble CTLA4 mutant molecule comprises: a first amino 
acid sequence including the extracellular domain of CTLA4 from methionine at position +1 to 
aspartic acid at position +124, including at least one mutation; and a second amino acid sequence 
including the hinge, CH2, and CH3 regions of the human immunoglobulin gamma 1 molecule 

30 (Figure 3 or 22). 



-27- 



The present invention further provides a method for treating immune system diseases (also 
referred to herein as immunoproliferative diseases) mediated by CD28- and/or CTLA4-positive 
cell interactions with CD80/CD86-positive cells. In one embodiment, T cell interactions are 
inhibited. This method comprises administering to a subject the soluble CTLA4 mutant 
5 molecules of the invention to regulate T cell interactions with the CD80- and/or CD86-positive 
cells. 

The present invention also provides method for inhibiting graft versus host disease in a subject. 
This method comprises administering to the subject a soluble CTLA4 mutant molecule of the 
10 invention. 

The invention encompasses the use of the soluble CTLA4 mutant molecules together with 
other immunosuppressants, e.g., cyclosporin (Mathiesen, in: "Prolonged Survival and 
Vascularization of Xenografted Human Glioblastoma Cells in the Central Nervous System of 
15 Cyclosporin A-Treated Rats" 1989 Cancer Lett., 44:151-156), prednisone, azathioprine, and 
methotrexate (R. Handschumacher "Chapter 53: Drugs Used for Immunosuppression" pages 
1264-1276). Other immunosuppressants are possible. 

CTLA4 mutant molecules may be used to react with CD80 or CD86 positive cells, such as B 
20 cells, to regulate immune responses mediated by T cell interactions with the B7 antigen positive 
cells or in vitro for leukocyte typing so as to define B cell maturational stages and/or B cell 
associated diseases (Yokochi et al. J. Immuno. 128(2):823. Surface immunostaining of 
leukocytes is accomplished by immunofluorescent technology or immunoenzymatic methods but 
other means of detection are possible. 

25 

Soluble CTLA4 mutant molecules may also be used to react with B7 positive cells, including B 
cells, to regulate immune responses mediated by T cell dependent B cell responses. 
The B7 antigen expressed on activated B cells and cells of other lineages, and the CD28 receptor 
expressed on T cells, can directly bind to each other, and this interaction can mediate cell-cell 
30 interaction. Such interactions directly trigger the CD28/B7 activation pathway in T cells, leading 
to cytokine production, T cell proliferation, and B cell differentiation into immunoglobulin 
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producing cells. The activation of B cells that occurs, can cause increased expression of B7 
antigen and further CD28 stimulation, leading to a state of chronic inflammation such as in 
autoimmune diseases, allograft rejection, graft versus host disease or chronic allergic reactions. 
Blocking or inhibiting this reaction may be effective in preventing T cell cytokine production 
and T/B cell proliferation and thus preventing or reversing inflammatory reactions. 

Soluble CTLA4 mutant molecule can be a potent inhibitor of in vitro lymphocyte functions 
requiring T and B cell interaction. This indicates the importance of interactions between the B7 
antigen and its counter-receptors, CTLA4 and/or CD28. 

The soluble CTLA4 mutant molecules are expected to exhibit inhibitory properties in vivo. 
Under conditions where T cell/B cell interactions are occurring as a result of contact between T 
cells and B cells, binding of introduced CTLA4 mutant molecules to react with B7 antigen 
positive cells, for example B cells, may interfere, i.e. inhibit, the T cell/B cell interactions 
resulting in regulation of immune responses. Because of this exclusively inhibitory effect, 
CTLA4 mutant molecule is expected to be useful in vivo as an inhibitor of T cell activity, over 
non-specific inhibitors such as cyclosporine and glucosteroids. 

In one embodiment, the CTLA4 mutant molecules may be introduced in a suitable 
pharmaceutical carrier in vivo , i.e. administered into a subject, e.g., a human subject, for 
treatment of pathological conditions such as immune system diseases or cancer. 

Introduction of CTLA4 mutant molecules in vivo is expected to result in interference with T cell 
interactions with other cells, such as B cells, as a result of binding of the ligand to B7 positive 
cells. The prevention of normal T cell interactions may result in decreased T cell activity, for 
example, decreased T cell proliferation or alter cytokine production. 

Under some circumstances, as noted above, the effect of administration of the CTLA4 mutant 
molecules in vivo is inhibitory, resulting from blocking by CTLA4 mutant molecules and CD28 
triggering resulting from T cell/B cell contact. For example, the CTLA4 mutant molecules may 
block T cell proliferation. Introduction of the CTLA4 mutant molecules in vivo will thus 
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produce effects on both T and B cell-mediated immune responses. The mutant molecules may 
also be administered to a subject in combination with the introduction of cytokines or other 
therapeutic reagents. 

5 In an additional embodiment of the invention, other reagents, including derivatives reactive with 
the CTLA4 mutant molecules are used to regulate T cell interactions. For example, antibodies, 
and/or antibody fragments reactive with the CTLA4 mutant molecules can be screened to 
identify those capable of inhibiting the binding of the CTLA4 mutant molecules to CD80 or 
CD86. The antibodies or antibody fragments such as Fab or F(ab')2 fragments, may then be used 
1 0 to react with the T cells, for example, to inhibit T cell proliferation. 

In another embodiment, the CTLA4 mutant molecules may be used to identify additional 
compounds capable of regulating the interaction between CTLA4 and CD80 or CD86. Such 
compounds may include small naturally occurring molecules that can be used to react with B 
15 cells and/or T cells. For example, fermentation broths may be tested for the ability to inhibit 
CTLA4/B7 interactions. 

The CD28-mediated T cell proliferation pathway is cyclosporine-resistant, in contrast to 
proliferation driven by the CD3/Ti cell receptor complex (June et al., 1987, supra) . Cyclosporin 
is relatively ineffective as a treatment for GVH disease (Storb, Blood 68:1 19-125 (1986)). GVH 
20 disease is thought to be mediated by T lymphocytes which express CD28 antigen (Storb and 
Thomas, Immunol. Rev. 88:215-238 (1985)). Thus, the CTLA4 mutant molecules may be useful 
alone, or in combination with immunosuppressants such as cyclosporine, for blocking T cell 
proliferation in GVH disease. 

25 Regulation of CTL44-positive T cell interactions with B7 positive cells, including B cells, by the 
methods of the invention may thus be used to treat pathological conditions such as 
autoimmunity, transplantation, infectious diseases and neoplasia. 

The B7-binding molecules described herein may be in a variety of dosage forms which include, 
30 but are not limited to, liquid solutions or suspensions, tablets, pills, powders, suppositories, 
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polymeric microcapsules or microvesicles, liposomes, and injectable or infusible solutions. The 
preferred form depends upon the mode of administration and the therapeutic application. 

The most effective mode of administration and dosage regimen for the molecules of the present 
5 invention depends upon the severity and course of the disease, the subject's health and response 
to treatment and the judgment of the treating physician. Accordingly, the dosages of the 
molecules should be titrated to the individual subject. 

The interrelationship of dosages for animals of various sizes and species and humans based on 
10 mg/m of surface area is described by Freireich, E.J., et al. (Quantitative Comparison of Toxicity 
of Anticancer Agents in Mouse, Rat, Hamster, Dog, Monkey and Man. Cancer Chemother, 
2 Rep., 50, No.4, 219-244, May 1966). 

; n Adjustments in the dosage regimen may be made to optimize the growth inhibiting response. 

=0 

{Z 15 Doses may be divided and administered on a daily basis or the dose may be reduced 
proportionally depending upon the situation. For example, several divided doses may be 
q administered daily or the dose may be proportionally reduced as indicated by the specific 
2 therapeutic situation. 

20 In accordance with the practice of the invention an effective amount for treating a subject may be 
between about 0.1 and about lOmg/kg body weight of subject. Also, the effective amount may 
be an amount between about 1 and about 10 mg/kg body weight of subject. 

The CTLA4 mutant molecules of the invention also have in vitro clinical application. They may 
25 be useful in the enumeration of B7 positive cells in the diagnosis or prognosis of some conditions 
of immunodeficiency, the phenotyping of leukemias and lymphomas, and the monitoring of 
immunological change following organ transplantation. 
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ADVANTAGES OF THE PRESENT INVENTION 

5 The discovery of additional CTLA4 mutants are important because they can be important 
immunosuppressive agents or tools to combat disease. Additionally, soluble CTLA4 mutant 
molecules having a higher avidity for CD80- or CD86- positive cells compared to wild type 
CTLA4 have an advantage over wildtype CTLA4 molecules because they are expected to 
block the priming of antigen specific activated cells with higher efficiency than wild type . 

10 

Further, production costs for CTLA4Ig are very high. The high avidity mutant CTLA4Ig 
molecules having higher potent immunosuppressive properties could be used in the clinic at 

• Zj 

~ considerably lower doses than non-mutated CTLA4Ig to achieve similar levels of 
immunosuppression. Soluble CTLA4 mutant molecules, e.g., L104EA29YIg, could be very 
:y 15 cost effective. 

Un The following example is presented to illustrate the present invention and to assist one of 
p ordinary skill in making and using the same. This example is not intended in any way to 
2 otherwise limit the scope of the invention. 

Q 20 

q EXAMPLE 1 

The following provides a description of the methods used to generate a nucleotide sequence 
encoding the CTLA4Ig fusion protein. 

25 

Preparation of CTLA4Ig Fusion Protein 

A genetic construct encoding CTLA4Ig between the extracellular domain of CTLA4 and an 
IgCgammal domain was constructed in a manner similar to that described above for the CD28Ig 
30 construct. The extracellular domain of the CTLA4 gene was cloned by PGR using synthetic 
oligonucleotides corresponding to the published sequence (Dariavach et al., Eur. Journ. 
Immunol. 18:1901-1905 (1988)). 
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Because a signal\peptide for CTLA4 was not identified in the CTLA4 gene, the N-terminus of 
the predicted sequence of CTLA4 was fused to the signal peptide of oncostatin M (Malik et al., 
Mol. and Cell. BiolA 9:2847 (1989)) in two steps using overlapping oligonucleotides. For the 
first step, the oligonucleotide, CTCAGTCTGGTCCTTGCACTCCTG 
TTTCCAAGCATGGC^GCATGGCAATGCACGTGGCCCAGCC (which encoded the C 
terminal 15 amino acids from the oncostatin M signal peptide fused to the N terminal 7 amino 
acids of CTLA4)\ was used as forward primer, and 
TTTGGGCTCCTGATCAGaVcTGGGCACGGTO (encoding amino acid residues 119-125 
of the amino acid sequence encoaing CTLA4 receptor and containing a Bel I restriction enzyme 
site) as reverse primer. The templatV for this step was cDNA synthesized from 1 micro g of total 
RNA from H38 cells (an HTLV II in&cted T cell leukemic cell line provided by Drs. Salahudin 
and Gallo, NCI, Bethesda, MD). A \ortion of the PCR product from the first step was 
reamplified, using an overlapping forward primer, encoding the N terminal portion of the 
oncostatin M signal peptide and contaWg a Hind m restriction endonuclease site, 
CTAGCCACTGAAGCTTCACCAATGG 

TCTGGTCCTTGCACTC and the same reverse\)rimer. The product of the PCR reaction was 
digested with Hind m and Bel I and ligated togethei\with a Bel 1/Xba I cleaved cDNA fragment 
encoding the amino acid sequences corresponding to the hinge, CH2 and CH3 regions of IgCD 1 
into the Hind III/Xba I cleaved expression vector, CDM8 or Hind m/Xba I cleaved expression 
vector pLN. 

A schematic map of th^resulting CTLA4Ig fusion construct is shown in Figure 1. Sequences 
displayed in this figure show the junctions between CTLA4 (upper case letters, unshaded 
regions) and the signal peptid^. SP, of oncostatin M (dark shaded regions), and the hinge, H, of 
IgC(gamma)l (stippled regions! The amino acid in parentheses was introduced during 
construction. Asterisks (*) indicateteysteine to serine mutations introduced in the IgCD hinge 
region. The immunoglobulin superfafcoily V-like domain present in CTLA4 is indicated, as are 
the CH2 and CH3 domains of IgC(ganuri&)l. 
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Expression plasmids, CDM8, containing CTLA4Ig were then transfected into COS cells using 
DEAE/dextran transfection by modification (Linsley et al., 1991, supra) of the protocol 
described by Seed and Aruffo, 1987, supra . 

Expression plasmid constructs (pi LN or CDM8) containing cDNA encoding the amino acid 
sequence of CTLA4Ig, was transfected by lipofection using standard procedures into dhfr" CHO 
lines to obtain novel cell lines stably expressing CTLA4Ig. 

DNA encoding the amino acid sequence corresponding to CTLA4Ig has been deposited with the 
ATCC under the Budapest Treaty on May 31 5 1991, and has been accorded ATCC accession 
number 68629. 

A preferred stable transfectant, expressing CTLA4Ig, designated Chinese Hamster Ovary Cell 
Line, CTLA4Ig-24, was made by screening B7 positive CHO cell lines for B7 binding activity in 
the medium using immunostaining. Transfectants were maintained in DMEM supplemented 
with 10% fetal bovine serum (FBS), 0.2 mM proline and 1 micro M methotrexate. 

The CTLA4Ig-24 CHO cell line has been deposited with the ATCC under the Budapest Treaty 
on May 3 1, 1991 and has been accorded accession number ATCC 10762. 

CTLA4Ig was purified b$u>rotein A chromatography from serum-free conditioned supernatants 
(Figure 2). Concentrations >rf CTLA4Ig were determined assuming an extinction coefficient at 
80 nm of 1.6 (experimentally determined by amino acid analysis of a solution of known 
absorbance). Molecular weight standards (lanes 1 and 3, Figure 2) and samples (1 micro grams) 
of CTLA4Ig (lanes 2 and 4) were subjected to SDS-PAGE (4-12% acrylamide gradient) under 
non-reducing conditions (-DME, lanes l>nd 2) or reducing conditions (+ beta ME, lanes 3 and 4) 
Proteins were visualized by staining with Coomassie Brilliant Blue. 

Under non-reducing conditions, CTLA4Ig migrated as a M r approximately 100,000 species, and 
under reducing conditions, as a M r approximately 50,000 species (Figure 2). Because the IgC 
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(gamma) hinge disulfides were eliminated during construction, CTLA4Ig, like CD28Ig, is a 
dimer presumably joined through a native disulfide linkage. 

EXAMPLE 2 

The following provides a description of the methods used to generate the nucleotide sequence 
encoding the CTLA4 receptor. 

CTLA4 Receptor 



To reconstruct DNA encoding the amino acid sequence corresponding to the full length human 
g CTLA4 gene, cDNA encoding amino acids corresponding to a fragment of the transmembrane 

lj and cytoplasmic domains of CTLA4 was cloned by PCR and then joined with cDNA encoding 
y amino acids corresponding to a fragment from CTLA4Ig that corresponded to the oncostatin M 

^ 15 signal peptide fused to the N-terminus of CTLA4. Procedures for PCR, and cell culture and 
i! transfections were as described above in Example 1 using COS cells and DEAE-dextran 

3 transfection. 

M Because the exp^ssion of CTLA4 receptor protein in human lymphoid cells has not been 

previously reported, >t was necessary to locate a source of CTLA4 mRNA. cDNA was reverse 
transcribed from the total cellular RNA of H38 cells, as noted above, was used for cloning by 
PCR. FW this purpose, the oligonucleotide, 

GCAATGCACGTGGCCc)\GCCTGCTGTGGTAGTG 

(encoding the first 11 amino acids in the predicted coding sequence) was used as a forward 
25 primer, and TGATGTAACATGTCTAGATCAATTGATGGGAATAAAATAAGGCTG 

(homologous to the last 8 amino acMs in CTLA4 and containing a Xba I site) as reverse primer. 
The template again was a cDNA synthesized from 1 micro gram RNA from H38 cells. Products 
of the PCR reaction were cleaved with the restriction endonucleases Nco I and Xba I and the 
resulting 316 bp product was gel purified. V 340 bp Hind III/Nco I fragment from the CTLAIg 
30 fusion described above was also gel-purifieck and both restriction fragments were ligated into 
Hind m/Xba I cleaved CDM8 to form OMCTU 
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The resulting construct corresponded to full length CTLA4 and the oncostatin M signal peptide. 
The nucleotide sequence of the construct is shown in Figure 3 and was designated OMCTLA4. 
The sequence for CTLA4 shown in Figure 3 differs from the predicted human CTLA4 DNA 
sequence (Dariavach et ah, supra) by a base change such that the previously reported alanine at 
amino acid position 110 of the amino acid sequence shown, encodes a threonine. This threonine 
is part of a newly identified N-linked glycosylation site that may be important for successful 
expression of the fusion protein. 

Ligation products were transformed into MC1061/p3 E. coli cells and colonies were screened for 
the appropriate plasmids. Sequences of the resulting constructs were confirmed by DNA 
sequence analysis. 

EXAMPLE 3 

The following provides a description of the methods used to generate the nucleotide 
sequences encoding the B7Ig and CD28Ig fusion proteins. 

Preparation of B7Ig and CD28Ig Fusion Proteins 

Receptor-immunoglobulin C gamma (IgCD) fusion proteins B7Ig and CD28Ig were prepared as 
described by Linsley 6t al, in J. Exp. Med. 173:721-730 (1991), incorporated by reference 
herein. Briefly, DNA encoding amino acid sequences corresponding to the respective receptor 
protein (e.g. B7) was joined\o DNA encoding amino acid sequences corresponding to the hinge, 
CH2 and CH3 regions of hunten IgC □ 1 . This was accomplished as follows. 

Polymerase Chain Reaction (PCR1 For PCR, DNA fragments were amplified using primer pairs 
as described below for each fusion protein. PCR reactions (0.1 ml final volume) were run in Tag 
polymerase buffer (Stratagene, La Jolla, CA), containing 20 micro moles each of dNTP; 50-100 
pmoles of the indicated primers; template (1 ng plasmid or cDNA synthesized from < 1 micro 
gram total RNA using random hexamer primer, as described by Kawasaki in PCR Protocols, 
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Academic Press, pp. 21-27 (1990), incorporated by reference herein); and Tag polymerase 
(Stratagene). Reactions were run on a thermocycler (Perkin Elmer Corp., Norwalk, CT) for 16- 
30 cycles (a typical cycle consisted of steps of 1 min at 94 degrees C, 1-2 min at 50 degrees C 
and 1-3 min at 72 degrees C). 

Plasmid Construction . Expression plasmids containing cDNA encoding CD28, (as described by 
Aruffo and Seed> Proc. Natl. Acad. Sci. USA 84:8573 (1987)), were provided by Drs. Aruffo and 
Seed (Mass General Hospital, Boston, MA). Plasmids containing cDNA encoding CDS, (as 
described by Aruffo, iCell 61:1303 (1990)), were provided by Dr. Aruffo. Plasmids containing 
cDNA encoding B7, (as described by Freeman et al., J. Immunol. 143:2714 (1989)), were 
provided by Dr. Freemair\(Dana Farber Cancer Institute, Boston, MA). For initial attempts at 
expression of soluble formsyof CD28 and B7, constructs were made (OMCD28 and OMB7) as 
described by Linsley et al., J. Exp. Med., supra , in which stop codons were introduced upstream 
of the transmembrane domainsv and the native signal peptides were replaced with the signal 
peptide from oncostatin M (Maliloet al., Mol. Cell Biol. 9:2847 (1989)). These were made using 
synthetic oligonucleotides for reconstruction (OMCD28) or as primers (OMB7) for PCR. 
OMCD28, is a CD28 cDNA modified for more efficient expression by replacing the signal 
peptide with the analogous region fromvoncostatin M. CD28Ig and B7Ig fusion constructs were 
made in two parts. The 5 1 portions wereViade using OMCD28 and OMB7 as templates and the 
oligonucleotide, CTAGCCACTGAAGCTTCACCATGGGTGTACTGCTCACAC (encoding 
the amino acid sequence corresponding to tne oncostatin M signal peptide) as a forward primer, 
and either TGGCATGGGCTCCTCmTCAGGCTTAGAAGGTCCGGGAAA or, 
TITGGGCTCCTGATCAGGAAAATGCTCTTO as reverse primers, 

respectively. Products of the PCR reactions weA cleaved with restriction endonucleases (Hind 
HI and Bell) as sites introduced in the PCR primers and gel purified. 

The 3' portion of the fusidn constructs corresponding to human IgCU 1 sequences was made by a 
oupled reverse transcriptase (from Avian myeloblastosis virus; Life Sciences Associates, 
Bayport, NY)-PCR reaction ufcing RNA from a myeloma cell line producing human-mouse 
chimeric mAb L6 (provided by yr. P. Fell and M. Gayle, Bristol-Myers Squibb Company, 
Pharmaceutical Research Institute^ Seattle, WA) as template. The oligonucleotide, 
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AAGCAAGAGCATTTTCCTGATCAGGAGCCCAAATCTTCTGACAAAACTCACACATC 
CCCACCGTCCCCAGCACCTGAACTCCTG was used as forward primer, and 
CTTCGACCAGTCTAGAAGCATCCTCGTGCGACCGCGAGAGC 

as reverse primer. Reaction products were cleaved with Bell and Xbal and gel purified. Final 
constructs were assembled by ligating Hindm/Bcll cleaved fragments containing CD28 or B7 
sequences together with Bcll/Xbal cleaved fragment containing IgCDl sequences into 
Hindm/Xbal cleaved CDM8. Ligation products were transformed into MC1061/p3 E. coli cells 
and colonies were screened for the appropriate plasmids. Sequences of the resulting constructs 
were confirmed by DNA sequencing. 

The construct encoding B7 contained DNA encoding amino acids corresponding to amino acid 
residues from approximately position 1 to approximately position 215 of the extracellular 
domain of B7. The construct encoding CD28 contained DNA encoding amino acids 
corresponding to amino acid residues from approximately position 1 to approximately position 
134 of the extracellular domain of CD28. 

CD5Ig was constructed in identical fashion, using 

CATTGCACAGTCAAGCTTCCATGCCCATGGGTTCTCTGGCCACCTTG as forward 
primer and ATCC^CAGTGCAGTGATCATTTGGATCCTGGCATGTGAC as reverse primer. 
The PCR product wa\restriction endonuclease digested and ligated with the IgC □ 1 fragment as 
described above. The resulting construct (CD5Ig) encoded a mature protein having an amino 
acid sequence containing aWno acid residues from position 1 to position 347 of the sequence 
corresponding to CD5, two amino acids introduced by the construction procedure (amino acids 
DQ), followed by DNA encoding amino acids corresponding to the IgCyD 1 hinge region. 

Cell Culture and Transfections . COS (monkey kidney cells) were transfected with expression 
plasmids expressing CD28 and B7 using a modification of the protocol of Seed and Aruflfo 
(Proc. Natl. Acad. Sci. 84:3365 (1987)), incorporated by reference herein. Cells were.seeded at 
10 6 per 10 cm diameter culture dish 18-24 h before transfection. Plasmid DNA was added 
(approximately 15 micro grams/dish) in a volume of 5 mis of serum-free DMEM containing 0.1 
mM chloroquine and 600 micro grams/ml DEAE Dextran, and cells were incubated for 3-3.5 h 
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at 37 degrees C. Transfected cells were then briefly treated (approximately 2 min) with 10% 
dimethyl sulfoxide in PBS and incubated at 37 degrees C for 16-24 h in DMEM containing 10% 
FCS. At 24 h after transfection, culture medium was removed and replaced with serum-free 
DMEM (6 ml/dish). Incubation was continued for 3 days at 37 degrees C, at which time the 
5 spent medium was collected and fresh serum-free medium was added. After an additional 3 days 
at 37 degrees C, the spent medium was again collected and cells were discarded. 

CHO cells expressing CD28, CDS or B7 were isolated as described by Linsley et al., (1991) 
supra , as follows: Briefly, stable transfectants expressing CD28, CD5 5 or B7, were isolated 

1 0 following cotransfection of dihydrofolate reductase-deficient Chinese hamster ovary (dhfr CHO) 
cells with a mixture of the appropriate expression plasmid and the selectable marker, pSV2dhfr 
(Linsley et al., Proc. Natl. Acad. Sci. USA 87:5031 (1990)), incorporated by reference herein. 
Transfectants were then grown in increasing concentrations of methotrexate to a final level of 1 
micro M and were maintained in DMEM supplemented with 10% fetal bovine serum (FBS), 0.2 

15 mM proline and 1 micro M methotrexate. CHO lines expressing high levels of CD28 (CD28 
CHO) or B7 (B7 + CHO) were isolated by multiple rounds of fluorescence-activated cell sorting 
(FACS R ) following indirect immunostaining with mAbs 9.3 or BB-1. Amplified CHO cells 
negative for surface expression of CD28 or B7 (dhfr + CHO) were also isolated by FACS R from 
CD28-transfected populations. 

20 

Immunostaining anaSFACS R Analysis . Transfected CHO or COS cells or activated T cells were 
analyzed by indirect unmunostaining. Before staining, CHO cells were removed from their 
- — j culture vessels by incubation in PBS containing 10 mM EDTA. Cells were first incubated with 
/ murine mAbs 9.3 (Hansen Qt al., humunogenetics 10:247 (1980)) or BB-1 (Yokochi et al., J. 
5 Immunol. 128:823 (1981)), o\ with Ig fusion proteins (all at 10 micro grams/ml in DMEM 
containing 10% FCS) for 1-2 h aM °C. Cells were then washed, and incubated for an additional 
0.5-2h at 4 °C with a FITC-conjugarfed second step reagent (goat anti-mouse Ig serum for murine 
mAbs, or goat anti-human Ig CD sefrim for fusion proteins (Tago, Inc., Burlingame, CA)). 
Fluorescence was analyzed on a FACS W R cell sorter (Becton Dickinson and CO., Mountain 
30 View, CA) equipped with a four decade logarithmic amplifier. 



-39- 



Purification of Ig Fusion Proteins . The first, second and third collections of spent serum-free 
culture media from transfected COS cells were used as sources for the purification of Ig fusion 
proteins. After removal of cellular debris by low speed centrifugation, medium was applied to a 
column (approximately 200-400 ml medium/ml packed bed volume) of immobilized protein A 
(Repligen Corp., Cambridge, MA) equilibrated with 0.05 M sodium citrate, pH 8.0. After 
application of the medium, the column was washed with 1 M potassium phosphate, pH 8, and 
bound protein was eluted with 0.05 M sodium citrate, pH 3. Fractions were collected and 
immediately neutralized by addition of 1/10 volume of 2 M Tris, pH 8. Fractions containing the 
peak of A 2 8o absorbing material were pooled and dialyzed against PBS before use. Extinction 
coefficients of 2.4 and 2.8 ml/mg for CD28Ig and B7Ig, respectively, were determined by amino 
acid analysis of solutions of known absorbance. The recovery of purified CD28Ig and B7Ig 
binding activities was nearly quantitative as judged by FACS R analysis after indirect fluorescent 
staining of B7 + and CD28 + CHO cells. 



EXAMPLE 4 

The following provides a description of the methods used to characterize CTLA4Ig. 
Characterization of CTLA4Ig 

To characterize the CTLA4Ig constructs, several isolates, CD28Ig, B7Ig, and CD5Ig, were 
prepared as described above and were transfected into COS cells as described in Examples 2 and 
3, and were tested by FACS R analysis for binding of B7Ig. In addition to the above-mentioned 
constructs, CDM8 plasmids containing cDNAs encoding CD7 as described by Aruffo and Seed, 
(EMBO Jour. 6:3313-3316 (1987)), incorporated by reference herein, were also used. 

mAbs . Murine monoclonal antibodies (mAbs) 9.3 (anti-CD28) and G19-4 (anti-CD3), G3-7 
(anti-CD7), BB-1 (anti-^7 antigen) and rat mAb 187.1 (anti-mouse kappa chain) have been 
described previously (Ledb^ter et al., Proc. Natl. Acad. Sci. 84:1384-1388 (1987); Ledbetter et 
al., Blood 75:1531 (1990); Yokochi et al, supra) and were purified from ascites before use. The 
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hybridoma producing mAb OKT8 was obtained from the ATCC, Rockville, MD, and the mAb 
was also purified from ascites before use. mAb 4G9 (anti-CD 19) was provided by Dr. E. 
Engleman, Stanford University, Palo Alto, CA). Purified human-mouse chimeric mAb L6 
(having human CD1 Fc portion) was a gift of Dr. P. Fell and M. Gayle (Bristol-Myers Squibb 
Pharmaceutical Research Institute, Seattle, WA). 

ImmunostainingNand FACS R Analysis . Prior to staining, COS or CHO cells were removed from 
their culture vessels by incubation in PBS containing 10 mM EDTA. Cells were first incubated 
with mAbs or Ig fusion proteins at 10 micro grams/ml in DMEM containing 10% FBS for 1-2 hr 
at 4 degrees C. Cells were then washed, and incubated for an additional 0.5-2 hrs at 4 degrees C 
with FITC-conjugated goat anti-mouse immunoglobulin or with FITC-conjugated goat anti- 
human Ig C □ serum (both from Tago, Burlingame, CA). When binding of both mAbs and Ig 
fusion proteins were measured in the same experiment, FITC-conjugated anti-mouse and anti- 
human second step reagents wfere mixed together before use. Fluorescence on a total of 10,000 
cells was then analyzed by FACS^. 

Peripheral Blood Lymphocyte Separation and Stimulation . Peripheral blood lymphocytes 
(PBLs) were isolated by centrifugation through Lymphocyte Separation Medium (Litton 
Bionetics, Kensington, MD). Alloreactive T cells were isolated by stimulation of PBL in a 
primary mixed lymphocyte reaction (MLR). PBL were cultured at 10 6 /ml irradiated (5000 rad) 
T51 LCL. EBV-transformed lymphoblastoid cell lines (LCL), PM (Bristol-Myers Squibb Co.) 
and T51 (Bristol-Myers Squibb Co.) were maintained in RPMI supplemented with 10% FBS. 
After 6 days, alloreactive "blasts" cells were cryopreserved. Secondary MLR were conducted by 
culturing thawed alloreactive blasts together with fresh irradiated T51 LCL in the presence and 
absence of mAbs and Ig fusion proteins. Cells were cultured in 96 well flat bottom plates (4 x 
10 4 alloreactive blasts and 1 x 10 4 irradiated T5 1 LCL cells/well, in a volume of 0.2 ml) in RPMI 
containing 10% FBS. Cellular proliferation of quadruplicate cultures was measured by uptake of 
[ 3 H]-thymidine during the last 6 hours of a 2-3 day culture. 

PHA-activated T cells were prepared by culturing PBLs with 1 micro g/ml PHA (Wellcome, 
Charlotte, NC) for five days, and one day in medium lacking PHA. Viable cells were collected 
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by sedimentation through Lymphocyte Separation Medium before use. Cells were stimulated 
with mAbs or transfected CHO cells for 4-6 hr at 37 degrees C, collected by centrifugation and 
used to prepare RNA. 

5 CD4 + T cells were isolated from PBLs by separating PBLs from healthy donors into T and non-T 
cells using sheep erythrocyte resetting technique and further separating T cells by panning into 
CD4 + cells as described by Damle et al., J. Immunol 139:1501 (1987), incorporated by reference 
herein. 

10 B cells were also purified from peripheral blood by panning as described by Wysocki and Sato, 
Proc. Natl. Acad. Sci. 75:2844 (1978), incorporated by reference herein, using anti-CD 19 mAb 
4G9. To measure T h -induced Ig production, 10 6 CD4 + T cells were mixed with 10 6 CD19 + B 
cells in 1 ml of RPM containing 10% FBS. Following culture for 6 days at 37 degrees C, 
production of human IgM was measured in the culture supernatants using solid phase ELISA as 

15 described by Volkman et al., Proc. Natl. Acad. Sci. USA 78:2528 (1981), incorporated by 
reference herein. 

Briefly, 96-well flat bottom microtiter ELISA plates (Corning, Corning, NY) were coated with 
200 micro liter/well of sodium carbonate buffer (pH 9.6) containing 10 micro grams/ml of 
20 affinity-purified goat anti-human IgG or IgM antibody (Tago, Burlingame, CA), incubated 
overnight at 4°C, and then washed with PBS and wells were further blocked with 2% BSA in 
PBS (BSA-PBS). 

Samples to be assayed were added at appropriate dilution to these wells and incubated with 200 
25 micro liter/well of 1:1000 dilution of horseradish peroxidase (HRP)-conjugated F(ab f )2 fraction 
of affinity-purified goat anti-human IgG or IgM antibody (Tago). The plates were then washed, 
and 100 micro liters/well of o-phenylenediamine (Sigma Chemical Co., St. Louis, MO) solution 
(0.6 mg/ml in citrate-phosphate buffer with pH 5.5 and 0.045% hydrogen peroxide). Color 
development was stopped with 2 N sulfuric acid. Absorbance at 490 nm was measured with an 
3 0 automated ELISA plate reader. 
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Test and control samples were run in triplicate and the values of absorbance were compared to 
those obtained with known IgG or JgM standards run simultaneously with the supernatant 
samples to generate the standard curve using which the concentrations of Ig in the culture 
supernatant were quantitated. Data are expressed as ng/ml of Ig + SEM of either triplicate or 
5 quadruplicate cultures. 

Immunoprecipitation Analysis and SDS PAGE . Cells were surface-labeled with l25 I and 
subjected to immunoprecipitation analysis. Briefly, PHA-activated T cells were surface-labeled 
with 125 I using lactoperoxidase and H 2 0 2 as described by Vitetta et al, J. Exp. Med. 134:242 
10 (1971), incorporated by reference herein. SDS-PAGE chromatography was performed on linear 
acrylamide gradients gels with stacking gels of 5% acrylamide. Gels were stained with 

U * Coomassie Blue, destained, and photographed or dried and exposed to X ray film (Kodak XAR- 

| 5). 

;0 15 Binding Assays . B7Ig was labeled with 125 I to a specific activity of approximately 2 x 10 6 
i rj cpm/pmole. Ninety-six well plastic dishes were coated for 16-24 hrs with a solution containing 

^ CTLA4Ig (0.5 micro g in a volume of 0.05 ml of 10 mM Tris, pH 8). Wells were blocked with 

\J binding buffer (DMEM containing 50 mM BES (Sigma Chemical Co.), pH 6.8, 0.1% BAS, and 
jj 10% FCS) before addition of a solution (0.09 ml) containing 125 I B7Ig (approximately 5 x 10 5 

y 20 cpm) in the presence or absence of competitor. Following incubation for 2-3 hrs at 23 degrees C, 
wells were washed once with binding buffer, and four times with PBS. Bound radioactivity was 
then solubilized by addition of 0.5N NaOH, and quantified by gamma counting. 

Binding to B7Ig . The functional activity of the OMCTLA4 construct encoding the complete 
25 human CTLA4 DNA gene, is shown in the experiment shown in Figure 4. COS cells were 
transfected with expression plasmids CD7, OMCD28 and OMCTLA4 as described above. 
Forty-eight hours following transfection, cells were collected and incubated with medium only 
(no addition) or with mAbs 9.3, B7Ig, CD5Ig or G3-7. Cells were then washed and binding was 
detected by a mixture of FITC-conjugated goat anti-mouse Ig and FITC-conjugated goat anti- 
30 human Ig second step reagents. Transfected cells were tested for expression of the appropriate 
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cell surface markers by indirect immiinostaining and fluorescence was measured using FACS R 
analysis as described above. 

As shown in Figure 4, mAb 9.3 bound to CD28-transfected COS cells, but not to CTLA4- 
5 transfected cells. In contrast, the B7Ig fusion protein (but not control CD5Ig fusion protein) 
bound to both CD28- and CTLA4-transfected cells. CD7-transfected COS cells bound neither 
mAb 9.3 nor either of the fusion proteins. This indicates that CD28 and CTLA4 both bind the B 
cell activation antigen, B7. Furthermore, mAb 9.3 did not detectably bind CTLA4. 

10 Binding of &TLA4Ig on B7 Positive CHO cells . To further characterize the binding of 
CTLA4Ig and B7, the binding activity of purified CTLA4Ig on B7 + CHO cells and on a 
lymphoblastoid cell line (PM LCL) was measured in the experiment shown in Figure 5. 
Amplified transfected CHO cell lines and PM LCLs were incubated with medium only (no 
addition) or an equivalent concentration of human IgC □ 1 -containing proteins (10 micro grams/ml) 
15 of CD5Ig, CD28Ig or CTtA4Ig. Binding was detected by FACS R following addition of FITC- 
conjugated goat anti-humafl Ig second step reagents. A total of 10,000 stained cells were 
analyzed by FACS R . : 

As shown in Figure 5, CD28Ig bound to B7 + CHO cells but not to PM LCL, a cell line which 
20 expresses relatively low levels of the B7 antigen (Linsley et al., supra, 1990). CTLA4Ig bound 
more strongly to both cell lines than did CD28Ig, suggesting that it bound with higher affinity. 
Neither CD28Ig nor CTLA4Ig bound to CD28 + CHO cells. 

Affinity of Binding of CTLA4Ig and B7Ig . The apparent affinity of interaction between 
25 CTLA4Ig and B7Ig was then measured using a solid phase competition binding assay. Ninety- 
six well plastic dishes were coated with CTLA4Ig as described above. B7Ig was radiolabeled 
with 125 I (5 X 10 5 cpm, 2 X 10 6 cpm/pmole), and added to a concentration of 4 nM in the 
presence of the indicated concentrations (Figure 6) of unlabeled chimeric mAb L6, mAb 9.3, 
mAb BB-1 or B7Ig. Plate-bound radioactivity was determined and expressed as a percentage of 
30 radioactivity bound to wells treated without competitor (28,300 cpm). Each point represents the 
mean of duplicate determinations; replicates generally varied from the mean by < 20%. 
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Concentrations were calculated based on a H- of 75,000 per binding site for mAbs and 51,000 
per binding site for B7Ig. 

As shown in Figure 6, only mAb BB-1 and unlabeled B7Ig competed significantly for 125 I-B7Ig 
5 binding (half maximal effects at approximately 22 nM and approximately 175 nM, respectively). 
Neither chimeric mAb L6, nor mAb 9.3 competed effectively at the concentrations tested. In 
other experiments, the concentrations of mAb 9.3 used were sufficient to inhibit binding of 125 I- 
B7Ig to immobilized CD28Ig or to cell surface expressed CD28 by > 90%. 

10 When the competition data from Figure 6 were plotted in a Scatchard representation, a 
dissociation constant, Ka, of approximately 12 nM was calculated for binding of 125 I-B7 to 
immobilized CTLA4Ig (Figure 7). This value is approximately 20 fold lower than the previously 
determined Ka of binding between 125 I-B7Ig and CD28 (approximately 200 nM) (Linsley et al, 
(1991), supra) indicating that CTLA4 is a higher affinity receptor for the B7 antigen than CD28 

15 receptor. 

To identify the molecule(s) on lymphoblastoid cells which bound CTLA4Ig, 125 I-surface labeled 
cells were subjected to immunoprecipitation analysis (Figure 8). B7 + CHO and PM LCL cells 
were surface-labeled with 125 I, and extracted with a non-ionic detergent solution as described 

20 above. Aliquots of extracts containing approximately 1.5 X 10 7 cpm in a volume of 0.1 ml were 
subjected to immunoprecipitation analysis as described above with no addition, or 2 micro grams 
each of CD28Ig, CTLA4Ig or CD5Ig. Washed immunoprecipitates were then analyzed by SDS- 
PAGE (10-20% acrylamide gradient) under reducing conditions. The gel was then dried and 
subjected to autoradiography. The left panel of Figure 8 shows an autoradiogram obtained after 

25 a 1 day exposure. The right panel of Figure 8 shows an autoradiogram of the same gel after a 10 
day exposure. The autoradiogram in the center panel of Figure 8 was also exposed for 10 days. 
Positions of molecular weight standard are also indicated in this figure. 

As shown by Figure 8, a diffusely migrating (M r approximately 50,000 - 75,000; center at 
30 approximately 60,000) radiolabeled protein was immunoprecipitated by CTLA4Ig, but not by 
CD28Ig or CD5Ig. This molecule co-migrated with B7 immunoprecipitated from B7 + CHO 
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cells by CTLA4Ig 5 and much more weakly, by CD28Ig. These findings indicate that CTLA4Ig 
binds a single protein on lymphoblastoid cells which is similar in size to the B7 antigen. 

Inhibition of Immune Responses In Vitro bv CTLA4Ig 

Inhibition o f Proliferation . Previous studies have shown that the anti-CD28 mAb, mAb 9.3, and 
the anti-B7 mAb, mAb BB-1, inhibit proliferation of alloantigen specific T h cells, as well as 
immunoglobulin secretion by alloantigen-presenting B Cells (Damle, et al., Proc. Natl. Acad. 
ScL 78:5096 (1981); Lesslauer et al., Eur. J. Immunol. 16:1289 (1986)). Because CTLA4 is a 
high affinity receptor for the B7 antigen as demonstrated herein, soluble CTLA4Ig was tested for 
its ability to inhibit these responses. The effects of CTLA4Ig on T cell proliferation were 
examined in the experiment shown in Figure 9. 

Primary mixed Wiphocyte reaction (MLR) blasts were stimulated with irradiated T51 
lymphoblastoid cellssfLC) in the absence or presence of concentrations of murine mAb 9.3 Fab 
fragments, or B7Ig, 6D28Ig or CTLA4Ig immunoglobulin CD fusion proteins. Cellular 
proliferation was measured by [ 3 H] -thymidine incorporation after 4 days and is expressed as the 
percentage of incorporation^ untreated cultures (21,000 cpm). Figure 9 shows the mean of 
quadruplicate determinations (SEM < 10%). 

As shown in Figure 9, CTLA4Ig inhibited the MLR reaction in a dose-dependant fashion by a 
maximum of > 90% with a 1/2 maximal response at approximately 30 ng/ml (approximately 0.8 
nM). The Fab fragment of mAb 9.3, which previously was shown to be a more potent inhibitor 
of MLR than whole mAb 9.3 (Damle et al., J. Immunol. 140:1753-1761 (1988)), also inhibited 
the MLR, but at higher concentrations (approximately 800 ng/ml or approximately 30 nM for 1/2 
maximal response). B7Ig and CD28Ig did not significantly inhibit the MLR even at higher 
concentrations. In another experiment, addition of B7Ig together with CTLA4Ig partially 
overcame the inhibition of MLR by CTLA4Ig, indicating that the inhibition was specifically due 
to interactions with B7 antigen. 
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Inhibition of Immunoglobulin Secretion . The effects of CTLA4Ig on helper T cell (T h )-induced 
immunoglobulin secretion were also examined (Figure 10). CD4 + T cells were mixed with 
allogeneic CD19 + B cells in the presence or absence of the indicated immunoglobulin molecules 
as described above. Murine mAbs OKT8, 9.3 and BB-1 were added at 20 micro grams/ml, and 
5 Ig fusion proteins at 10 micro grams/ml. After 6 days of culture, concentrations of human IgM 
(SEM < 5%) in culture supernatants were determined by enzyme immunoassay (ELISA) as 
described above. IgM production by B cells cultured in the absence of CD4 + T cells was 1 1 
ng/ml. 

10 As shown in Figure 10, CD4 + T cells stimulated IgM production by allogenic CD19 + B Cells (in 
the absence of CD4 + T cells, IgM levels were reduced by 93%). mAbs 9.3 and BB-1 
significantly inhibited T h -induced IgM production (63% and 65% inhibition, respectively). 
CTLA4Ig was even more effective as an inhibitor (89% inhibition) than were these mAbs. 
Inhibition by control Ig molecules, mAb OKT8 and CD5Ig, was much less (< 30% inhibition). 
None of these molecules significantly inhibited Ig production measured in the presence of 
in Staphyloco ccal aureus enterotoxin B. Similar results were obtained with CD4 + T cells and B 

cells derived from other donors. These results indicate that the inhibition by CTLA4Ig is 
^ specific. 

! — i 

J J 20 The above data also demonstrate that the CTLA4 and CD28 receptors are functionally as well as 
structurally related. Like CD28, CTLA4 is also a receptor for the B cell activation antigen, B7. 
CTLA4Ig bound 125 I-B7 with an affinity constant, Kj, of approximately 12 nM, a value some 20 
fold higher than the affinity between CD28 and B7Ig (approximately 200 nM). Thus, CTLA4 
and CD28 may be thought of as high and low affinity receptors, respectively, for the same 
25 ligand, the B7 antigen. 

The apparent affinity between CD28 and B7 is similar to the affinity reported for binding of 
soluble alloantigen to the T cell receptor of a murine T cell hybridoma (approximately 100 nM; 
Schnek et al., Cell 56:47 (1989)), and is higher affinity than interactions between CD2 and LFA3 
30 (Recny et al., J. Biol. Chem. 265:8542 (1990)), or CD4 and MHC class H molecules (Clayton et 
al., Nature 339:548 (1989)). The affinity constant, K<j, between CTLA4 and B7 is even greater, 
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and compares favorably with higher affinity mAbs (K<i 2-10,000 nM; Alzari et al., Ann. Rev. 
Immuno. 6:555 (1988)). The Kd between CTLA4 and B7 is similar to or greater than Kd values 
of integrin receptors and their ligands (10-2000 nM; Hautanen et al, J. Biol. Chem. 264:1437- 
1442 (1989); Di Minno et al., Blood 61:140-148 (1983); Thiagarajan and Kelley, J. Biol. Chem. 
5 263:035-3038 (1988)). The affinity of interaction between CTLA4 and B7 is thus among the 
highest yet reported for lymphoid adhesion systems. 

These results deWnstrate the first expression of a functional protein product of CTLA4 
transcripts. CTLA4Ig, a fusion construct containing the extracellular domain of CTLA4 fused to 
10 an IgC □ 1 domain, forms a disulfide-linked dimer of M, approximately 50,000 subunits. Because 
no interchain disulfides wWd be predicted to form in the Ig portion of this fusion, it seems likely 
that cysteines from CTLA4W involved in disulfide bond formation. The analogous CD28Ig 
fusion protein (Linsley et al, s upra. 1991) also contains interchain disulfide linkage(s). These 
results suggest that CTLA4 receptor, like CD28 (Hansen et al., Immunogenetics 10:247-260 
15 (1980)), exists on the T cell surface as a disulfide linked homodimer. Although CD28 and 
CTLA4 are highly homologous proteins, they are immunologically distinct, because the anti- 
CD28 mAb, mAb 9.3, does not recognize\CTLA4 (Figures 4 and 5). 

It is not known whether CTLA4 can activate T cells by a signalling pathway analogous to CD28. 
20 The cytoplasmic domains of murine and human CTLA4 are identical (Dariavach et al., supra 
1988), suggesting that this region has important functional properties. The cytoplasmic domains 
of CD28 and CTLA4 also share homology, although it is unclear if this is sufficient to impart 
similar signaling properties to the two molecules. 

25 CTLA4Ig is a potent inhibitor of in vitro lymphocyte functions requiring T cell and B cell 
collaboration (Figures 9 and 10). These findings, together with previous studies, indicate the 
fundamental importance of interactions between B7 antigen and its counter-receptors, CD28 
and/or CTLA4, in regulating both T and B lymphocyte responses. CTLA4Ig should be a useful 
reagent for future investigations on the role of these interactions during immune responses. 

30 CTLA4Ig is a more potent inhibitor of in vitro lymphocyte responses than either mAb BB-1 or 
mAb 9.3 (Figures 9 and 10). The greater potency of CTLA4Ig over mAb BB-1 is most likely 
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due to the difference in affinities for B7 between these molecules (Figure 6). CTLA4Ig is also 
more potent than mAb 9.3, probably because, unlike the mAb, it does not also have direct 
stimulatory effects on T cell proliferation (June et al., Immunology Today 11:211 (1989)) to 
counteract its inhibitory effects. The immunosuppressive effects of CTLA4Ig in vitro suggest 
5 that future investigations are warranted into possible therapeutic effects of this molecule for 
treatment of autoimmune disorders involving aberrant T cell activation or Ig production. 

As will be apparent to those skilled in the art to which the invention pertains, the present 
invention may be embodied in forms other than those specifically disclosed above without 
10 departing from the spirit or essential characteristics of the invention. The particular 
embodiments of the invention described above, are, therefore, to be considered as illustrative and 
;jj not restrictive. The scope of the present invention is as set forth in the appended claims rather 

| Xj than being limited to the examples contained in the foregoing description. 

:Jj 15 EXAMPLE 5 

i Fjj 

o The following provides a description of the methods used to inhibit graft versus host disease 
2? in mice receiving human islet grafts. 

:sj 20 

Female BALB/c (H-2 d ) and C57BL/6 (H-2 d )mice, 6 to 8 wk. of age were obtained from The 
Jackson Laboratory (Bar Harbor, ME). 

Human pancreatic islets cells were purified after collagenase digestion as described (C. Ricordi 
25 et al. Transplantation 52:519 (1991); A. G. Tzakis et al. Lancet 336:402 (1990); C. Ricordi, P. E. 
Lacy, E. H. Finke, B. J. Olack, D. W. Scharp, Diabetes 37:413 (1988)). 

B6 or BIO mice, treated with streptozocin (175 mg per kilogram of body weight) 3 to 5 days 
before transplant and exhibiting nonfasting plasma glucose levels of greater than 280 mg/dl (with 
30 the majority over 300 mg/ml), were used as recipients. 



-49- 



Each animal received approximately 800 fresh human islets of 150 micro meters in diameter 
beneath the left renal capsule (D. Faustman and C. Coe, Science 252:1700 (1991); Y. J. Zeng et 
al. Transplantation 53:277 (1992)). Treatment was started immediately after transplantation. 

5 Control animals were treated with PBS (solid lines) or L6 (dotted lines) at 50 micro grams every 
other day for 14 days immediately after transplantation (Figure 11 A). L6 is a human IgGl 
chimeric Mab. Islet transplants were considered rejected when glucose levels were greater than 
250 mg/dl for three consecutive days. Animals treated with PBS (n = 14) and L6 (n = 8) had 
mean graft survivals of 5.6 and 6.4 days, respectively. 

10 

Animals were treated with 10 micro grams of CTLA4Ig for 14 consecutive days immediately 
after transplant (n = 7) (Figure 1 IB). Three out of seven animals maintained their grafts for >80 
days. The remaining four animals had a mean graft survival of 12.75 days. 

1 5 Animals were treated with 50 micro grams of CTLA4Ig every other day for 14 days immediately 
after human islet transplantation (Figure 11C). All animals (n = 12) treated with this dose 
maintained grafts throughout the analysis (Figure 1 1C). Selected mice were nephrectomized on 
days 21 and 29 after the transplant to assess the graft's function (Figure 1 1C). 

20 Histology was performed on kidneys transplanted with human islet cells (Figures 12 A, B, C, 
D). The slides were analyzed blindly. 

Hematoxylin and eosin staining of a control human islet grafted mouse 29 days after 
transplantation showed a massive lymphocyte infiltration (Figure 12A). The same tissue, stained 
25 for insulin, showed no detectable insulin production (Figure 12B). 

Histological examination of tissue from a CTLA4Ig-treated mouse 21 days after transplant 
showed intact islets under the kidney capsule with very few lymphocytes infiltrating the 
transplanted tissue (Figure 12C). The tissue was stained with hematoxylin and eosin. The same 
30 tissue from the CTLA4Ig-treated mouse, stained for insulin, showed the production of insulin by 
the grafted islets (Figure 12D). Similar results were observed in graft tissue examined at later 
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time points. The upper, middle, and lower arrowheads identify the kidney capsule, islet 
transplant, and kidney parenchyma, respectively. 

In the histopathology assay all tissues were fixed in 10% buffered formalin and processed, and 5- 
5 micro meter sections were stained either with hematoxylin and eosin or for insulin with the 
avidin-biotin-peroxidase method (S. M. Hsu, L. Raine, H. Fanger, J. Histochem, Cytochem, 
29:577 (1981)). Magnification was x 122. 

In Figure 13 streptozotocin-treated animals were transplanted as described hereinabove for 
10 Figure 11. The mice were treated either with PBS (dotted lines) or with MAb to human B7 
_ (solid lines) at a dose of 50 micro grams every other day for 14 days (Figure 13). Control 

iQ animals (treated with PBS) (n = 3) had a mean graft survival of 3.5 days, whereas anti-B7-treated 

;i: animals (n = 5) maintained grafts from 9 to >50 days (Figure 1 3). 

! D 

|i 15 In Figure 14 normal glycemic, CTLA4Ig-treated, transplanted mice (dotted lines) were 
- nephrectomized on day 44 after transplant and immediately retransplanted with either 1000 first 

Q party donor islets (dotted lines, solid circles) or 1000 second party islets (dotted lines, open 

i*3 circles) beneath the remaining kidney capsule. 

3 20 These islets, frozen at the time of the first transplant, were thawed and cultured for 3 days before 
transplant to ensure islet function. B10 mice that had been treated with streptozotocin and 
exhibited nonfasting glucose levels of greater than 280 mg/dl were used as controls (solid lines) 
(Figure 14). No treatment was given after transplantation. 

25 Control animals rejected both the first party (solid lines, closed circles) and the second party 
(solid lines, open circles) islet grafts by day 4 after transplant (Figure 14). The CTLA4Ig-treated 
mice retransplanted with second party islets had a mean graft survival of 4.5 days, whereas 
animals retransplanted with first party donor islets maintained grafts for as long as analyzed (>80 
days) (Figure 14). 

30 
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CTLA4Ig significantly prolongs human islet graft survival in mice in a donor-specific manner 
thereby providing an approach to immunosuppression 

C57BL/6 (B6) or C57BL/10 (BIO) mice were treated with streptozotocin to eliminate mouse 
5 pancreatic islet B cell function. Diabetic animals were grafted under the kidney capsule, and 
treatment was started immediately after surgery. Survival of the islet grafts was monitored by 
the analysis of blood glucose concentrations. 

Transplanted control animals, treated with either phosphate-buffered saline (PBS)(n = 14) or L6 
10 (a human IgGl chimeric MAb; n = 8), had a mean graft survival of 5.6 and 6.4 days, respectively 
(Figure 1 1 A). 

j P In contrast, islet rejection was delayed in animals treated with CTLA4Ig (10 micro grams per 

sfl day for 14 days), with four out of the seven animals exhibiting moderately prolonged mean graft 

15 survival (12.75 days), whereas the remaining three animals maintained normal glucose levels for 
j /1 >80 days (Figure 1 IB). This eventual increase in glucose concentration may be a result of islet 

q exhaustion because no evidence of active cellular rejection was observed. 

y In the three mice that maintained long-term islet grafts, the transient increase in glucose 

13 20 concentrations around day 21 after the transplant may have represented a self-limited rejection 

episode consistent with the pharmacokinetics of CTLA4Ig clearance after therapy (P. S. Linsley 

et al., Science 257:792 (1992)). 

In subsequent experiments, the dose of CTLA4Ig was increased to 50 micro grams per animal 
25 every other day for about 14 days. This treatment resulted in 100% of the animals maintaining 
normal islet function throughout the experiment with no signs of a rejection crisis (Figure 1 1C). 

In order to confirm that insulin production originated from the transplanted islets and not from 
the native mouse pancreas, we nephrectomized selected animals at days 21 and 29 to remove the 
30 islet grafts (Figure 1 1C). In these animals, glucose concentrations increased to above 350 mg/dl 
within 24 hours, which indicated that the islet xenograft was responsible for maintaining normal 
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glucose levels. It appears that the blocking of the CD28-B7 interaction inhibits xenogenic islet 
graft rejection. 

The effects of treatment with the soluble receptor, namely CTLAIg fusion protein, were not a 
result of Fc binding (L6 did not effect graft rejection) or general effects on T cell or B cell 
function in vivo. 

Histological analyses of islet xenograft from control (PBS treated) and CTLA4Ig treated mice 
were done (Figures 12A 5 12B, 12C, 12D). The islet tissue from the control animal demonstrated 
evidence of immune rejection, with a marked lymphocytic infiltrate into the graft and few 
remaining islets (Figure 12A). 

hnmunohistochemical staining showed that insulin-positive cells were present only rarely, and 
no somatostatin-positive cells were present at all (Figure 12B). In contrast, transplant tissue from 
the CTLA4Ig-treated mice was devoid of any lymphocytic infiltrate (Figure 12C). 

The grafts were intact, with many islets visible. In addition, the B cells observed in the human 
islet tissue produced human insulin (Figure 12D) and somatostatin. 

The human CTLA4Ig used in this study reacts with both murine and human B7. One advantage 
of the xenogeneic transplant model is the availability of a MAb to human B7 that does not react 
with mouse B7 (T. Yokochi, R. D. Holly, E. A. Clark, J. Immunol. 128:823 (1982)). Thus, the 
role of human B7-bearing antigen-presenting cells (APCs) could be directly examined. 

The mice were transplanted as described and then treated with 50 micro grams of MAb to human 
B7 every other day for 14 days after transplant. This treatment prolonged graft survival in 
treated mice (9 to >50 days) in comparison to that for control mice (Figure 13). The anti-B7 
MAb is unable to block rejection as effectively as CTLA4Ig. 

The CTLA4Ig therapy resulted in graft acceptance in the majority of mice. However, the 
animals may not be tolerant. Transient immunosuppression can lead to permanent islet graft 
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acceptance because of graft adaptation (the loss of immunogenicity as a result of the loss of APC 
function) (L. Hao, Y. Wang, R. G. Gill, K. J. Lafferty, J. Immunol. 139:4022 (1987); K. J. 
Lafferty, S. J. Prowse, M. Simeonovic, Annu. Rev. Immunol. 1:143 (1983)). 

5 In order to differentiate between these possibilities, we nephrectomized selected xenografted, 
CTLA4Ig-treated mice (day 40) and retransplanted them under the remaining kidney capsule 
with either the original donor islets (first party) or unrelated second party human islets (Figure 



10 Streptozotocin-treated control animals, having never received an islet graft, were also 
transplanted with either first or second party islets. No treatment after the transplant was given. 
Control animals rejected the first and second party islets by day 4. The CTLA4Ig-treated 
animals that had received the second party islets rejected these islets by day 5, whereas animals 
receiving first party donor islets maintained the grafts for >80 days (Figure 14). 



These results suggest that the CTLA4Ig treatment resulted in prolonged donor-specific 
unresponsiveness to the xenogeneic islets. The ability of the murine immune response to 
distinguish differences among the human islet donors also supports the direct recognition of the 
polymorphic MHC products expressed on the human islet cells. 



EXAMPLE 6 

The following provides a description of the methods used to induce a highly specific immune 
25 response in an animal subject. 

Female BALB/c (H-2 d ) and C57BL/6 (H-2 d )mice, 6 to 8 wk. of age were obtained from The 
Jackson Laboratory (Bar Harbor, ME). 



14). 
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Monoclonal antibody 11B11 is a rat IgGl anti-murine EL-4 (Ohara, J. 5 and W. E. Paul, 1985, 
Production of a monoclonal antibody to and molecular characterization of B-cell stimulatory 
factor- 1. Nature 315:333) (Verax (Lebanon, NH)). 

5 BALB/c mice (five per group) were immunized intravenously with 10 8 SRBC alone or together 
with 200 micro grams chimeric L6 mAb or human CTLA4Ig fusion protein. The indicated 
groups were treated 2 hrs. prior to injection of SRBCs by intraperitoneal injection of 2 mis of 
either rat immunoglobulin or rat anti-murine IL-4 mAb 11B11 at 5 mg/ml. Treatment with 
chimeric L6 mAb or CTLA4Ig was repeated daily for 4 additional days. 



All animals were given intravenous injections of SRBCs (Figure 15) or KLH (Figure 16) on day 
46. Specifically, in Figure 15, the closed circle represents mice that were administered with only 
SRBC at day 0 and day 46. The open circle represents mice administered with only SRBC at 
day 46. The remaining mice represented in Figure 15 were further administered with SRBC at 
15 day 46. In contrast, in Figure 16, the mice were administered with a different immunogen, KLH, 
at day 46 only. 

Serum concentrations of mice measured as having antibodies directed against SRBCs or KLH 
were determined by ELISA as described (Linsley et al., Science 1992). 



Serum antibody titers were calculated as the dilution giving an A450 of five times background. 
Serum antibody titer values from Figure 15 were determined from pooled sera from five mice 
per group, while serum antibody titer values from Figure 16 represents mean titers of five 
individual sera. Arrows indicate an SRBC or KLH injection at day 46. 



Figures 15 and 16 show that the immunological response in mice injected concurrently with both 
CTLA4Ig and anti-DL4 (open triangle) is suppressed in an antigen-specific manner. 

Figure 15 shows that there is no rise in serum antibody titer (i.e. no primary or secondary 
30 immunological response) in mice injected concurrently with CTLA4Ig and anti-IL4 and injected 
with SRBC at day 0 and day 46. The combination of CTLA4Ig and anti-IL4 suppresses a 
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primary and secondary immune response and induces long lasting immunological non- 
responsiveness to SRBC. 

Additionally, Figure 15 shows that there is no primary immunological response in mice injected 
5 concurrently with CTLA4Ig and the control rat Ig (Cappel, Organontecknika, Palo Alto, CA). 
However, these mice exhibit a secondary immunological response after injection with SRBC at 
day 46 (closed triangle, Figure 15). 

Figure 16 shows that administration of CTLA4Ig and anti-IL4, followed by a different 
10 immunogen, KLH, at day 46 in mice does not suppress a primary immune response to KLH in 

mice. Instead, these mice exhibited a primary immune response to KLH (open triangle, Figure 
=g 16). Thus, mice treated with CTLA4Ig and anti-EL4 exhibited a highly specific immune 

;fj response depending on the antigen administered therein. 

'0 15 EXAMPLE 7 

^ The following provides a description of the methods used to determine the regions within 

y CTLA4 which are required for binding B7-1 (e.g., CD80), using CTLA4/CD28 chimeric 



The regions in CTLA4Ig which are required for its high avidity binding to B7-1 have been 
identified by site-specific and homolog mutagenesis. The following is a description of how to 
make soluble CTLA4/CD28 hybrid fusion proteins which bind B7. 

25 MATERIALS AND METHODS 

Monoclonal antibodies (mAbs). Murine mAb's specific for CTLA4 were prepared and 
characterized as previously described (Linsley et al. J. Ex. Med., (1992) 176:1595-16041. 
Antibody 9.3 (anti-CD28) has been described previously ((Hansen et al., Immunogenetics 
30 10:247-260(1980)). 



molecules. 
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Cell Culture. The preparation of stably transfected B7-1 positive CHO cells has been previously 
described (Linsley et al., in J. Exp. Med. 173:721-730 (1991); P. S. Linsley et al., J. Exp. Med. 
174:561 (1991)). 

Cells were maintained in DMEM supplemented with 10% fetal bovine serum (FBS), 0.2mM 
proline, and 1 micro M methotrexate. COS cells were grown in DMEM supplemented with 10% 
FBS. CTLA4Ig was prepared in CHO cells as previously described (Example 1). 

CTLA4Ig and CD28Ig site-directed mutant expression plasmids. Site-directed mutagenesis was 
performed on a vector encoding soluble chimeric form of CTLA4 (CTLA4Ig) in which the 
extracellular domain of CTLA4 was genetically fused to the hinge and constant regions of a 
human IgG heavy chain (Example 1). CTLA4Ig site-directed mutants were prepared by 
encoding the desired mutation in overlapping oligonucleotide primers and generating the mutants 
by PCR (Ho et al., 1989, supra.) using the CTLA4Ig plasmid construct as a template. 

Six mutants were prepared which encoded substitutions to alanine in the highly conserved 
hexapeptide 97MYPPPY102 forming part of the putative CDR3-like domain (Figures 17 and 22) 
(Ho et al., 1989, supra.). 

In addition, two Wants encoding the residues P103A and Y104A (MYPPAY and MYPPPA, 
respectively) from fhe CD28Ig 99MYPPPY104 hexapeptide using CD28Ig as a template were 
also prepared by the same method. 

Primers required for PCR reactions but not for introducing mutations included (1) a CDM8 
forward (CDM8FP) primer encoding a complementary sequence upstream of the Hindm 
restriction site at the 5' end of the CDM8 stuffer region, and (2) a reverse primer (CDM8RP) 
encoding a complementary sequence downstream of the Xbal site at the 3' end of the CDM8 
stuffer region. 

These primers encoded the following sequences: 

CDM8FP:5'-AATACGACTCACTATAGG 
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CDM8RP:5'-CAGCACACTGTATTAACC 



PCR conditions consisted of 6 min at 94 degrees C followed by 25 cycles of 1 min at 94 degrees 
C, 2 min at 55 degrees C and 3 min at 72 degrees C. Taq polymerase and reaction conditions 
5 were used as suggested by the vendor (Perkin Elmer Cetus, Emeryville, CA). PCR products 
were digested with HindHI and Xbal and ligated to Hindin/Xbal-cut CDM8 expression vector. 

To confirm that the desired mutations had been inserted and to verify the absence of secondary 
mutations, each CTLA4Ig mutant fusion protein (an example of a soluble CTLA4 mutant fusion 
10 protein) was sequenced by the dideoxy chain termination/extension reaction with Sequenase 
reagents used according to the manufacturers recommendations (United States Biochemical 
Corp., Cleveland, OH). 

Plasmids were transfected into COS cells (Aruffo et al, Cell 61:1303 (1990)) and the 
1 5 conditioned media was used as a source for the resulting Ig mutant fusion proteins. 

CTLA4/CD28Ig hybrid expression plasmids. CTLA4/CD28Ig hybrid plasmids encoding the 
constructs HS2, HS4, HS4-A, HS4-B, and HS5 (Figure 19) were prepared by PCR using 
overlapping oligonucleotide primers designed to introduce CTLA4 sequences into CD28Ig 
20 while, at the same time, deleting the equivalent region from CD28. The same CDM8 forward 
and reverse PCR primers described above were also used. 

Each cDNA construct was genetically linked to cDNA encoding the hinge and constant regions 
of a human IgGl in order to make soluble chimeras. 

A HS6 hybrid was prepared in a similar manner to that described above except that the CDR1- 
like region in CTLA4Ig was replaced with the equivalent region from CD28Ig. 

HS7, HS8, and HS9 constructs were prepared by replacing a D350 base-pair HindlD/Hpal 5' 
fragment of HS4, HS4-A\and HS4-B, respectively, with the equivalent cDNA fragment 
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similarly digested ftom HS5 thus introducing the CDRl-like loop of CTLA4 into those hybrids 
already containing the CTLA4 CDR3-like region. 



HS10-HS13 constructs are domain homolog mutants which were prepared by introducing the 
CDR2-like loop of CTLA4Ig into previously constructed homolog mutants. This was done by 
overlapping PCR mutagenesis whereby primers were designed to introduce CTLA4 CDR2-like 
sequences into homolog templates while at the same time deleting the equivalent CD28 CDR2- 
like region from the molecule. 



10 Accordingly, HS4 served as a template to make HS10; HS7 served as a template to make HS1 1; 
HS4-A served as a template to make HS12; and HS8 served as a template to make HS13 (Figure 
19). The CDM8 primers described above were also used in these constructions. 



15 



The HS14 hybrid construct was prepared by replacing the CDR2-like loop of CD28 with the 
equivalent loop from CTLA4Ig (Figure 19). 



Oligonucleotide primers designed to introduce these changes were used in overlapping PCR 
mutagenesis identical to that described for other mutants. 



q 20 PCR reactions and subcloning into CDM8 were performed as described above. Again all 
mutants were sequenced by the dideoxy chain termination/extension reaction. 



Plasmids encoding each of the mutants were transfected into COS cells and the resulting soluble 
Ig fusion proteins were quantitated in culture media and visualized by Western blot as described 
25 in following sections. 



Quantitation of the resulting Ig fusion proteins in culture media. Soluble mutant fusion proteins 
were quantitated in an enzyme immunoassay by determining the amount of Ig present in serum- 
free COS cell culture media. 
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Microtiter plates (Immulon2; Dynatech Labs., Chantilly, VA) were coated with 0.5 micro g/ml 
goat anti-human IgG (Jackson Lnmunoresearch Labs., West Chester, PA) for 16-24h at 4 
degrees C. Wells were blocked for Ih with specimen diluent (Genetic Systems, Seattle, WA), 
then washed with PBS containing 0.05% Tween 20 (PBS-Tw). 

5 

COS cell culture media containing fusion proteins was added at various dilutions and incubated 
for lh at 22 degrees C. Known concentrations of CTLA4Ig were also added to separate wells on 
each plate for a standard curve. 

10 After washing, horseradish peroxidase (HRP)-conjugated goat anti-human IgG (Tago, 
Burlingame, CA) diluted 1 : 12,000 was added and incubated for lh at 22 degrees C. Wells were 
then washed and incubated with 3,3*95,5' tetramethylbenzidine (TMB) substrate (Genetic 
Systems) for 15 min before stopping the reaction by the addition of IN H2SO4. Optical density 
was measured at dual wavelengths of 450 and 630 nm on a microtiter plate reader (Genetic 

15 Systems). 

Concentration of mutant Ig fusion protein was determined by comparison with a standard curve 
of known concentrations of CTLA4Ig. 

20 Immunoprecipitation and Western blot analysis. CTLA4/CD28Ig hybrid fusion proteins present 
in culture media were adsorbed to protein A-Sepharose by overnight incubation at 4 degrees C. 
The beads were washed with PBS containing 0.1% Nonidet-P40 (NP40) then SDS PAGE 
sample buffer was added and the eluted protein was loaded onto an SDS polyacrylamide gel. 

25 Western blot transfer of protein onto nitrocellulose was done by standard procedures. 
Nitrocellulose membranes were then blocked with PBS containing 0.1% NP40 and 1% non-fat 
dry milk powder. 

After washing in PBS-Tw membranes were incubated with alkaline phosphatase-conjugated goat 
30 anti-human IgG (Boehringer Mannheim, Indianapolis, IN) diluted 1:1,000 and incubated for lh 
at 22 degrees C. Blots were then washed and developed using standard procedures. 
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B7 positive CHO cell enzyme immunoassay. The ability of CTLA4Ig mutant fusion proteins, 
and CTLA4/CD28Ig hybrid fusion proteins to bind B7-1 stably expressed on CHO cells was 
determined by an enzyme immunoassay. 

5 

Round bottom tissue culture treated 96 well microtiter plates (Corning, Corning, NY) were 
seeded with B7-1 positive CHO cells at 10 3 cells/well. Two days later the confluent cells were 
fixed in 95% ethanol for 15 min. 

1 0 After washing with PBS-Tw, mutant Ig fusion proteins were added at various concentrations and 
incubated for lh at 4 degrees C. After washing, HRP-conjugated goat anti-human IgG (Tago) 
diluted 1:10,000 was added and incubated for lh at 22 degrees C. 

Wells were then washed and TMB substrate added as above and allowed to react for 30 min 
1 5 before stopping the reaction with IN H 2 S0 4 . Absorbance of the wells was measured at 450 nm. 

CD28Ig site-directed mutant fusion protein binding assay. Site-directed mutant fusion proteins 
of CD28Ig were assayed for their ability to bind to B7-1 by an indirect enzyme immunoassay. 

20 Wells of ELISA plates were coated with a chimeric fusion protein containing the extracellular 
domain of human B7-1 fused to a mouse IgGl Fc region, at 5 micro grams/ml for 16h at 4 
degrees C. Wells were blocked for lh with specimen diluent (Genetic Systems) then washed 
with PBS-Tw. COS cell culture media containing known concentrations of mutant fusion 
protein was added at various concentrations and incubated for lh at 22 degrees C. 

25 

Known concentrations of CD28Ig were also added to separate wells on each plate. After 
washing, HRP-conjugated goat anti-human IgG (Tago) diluted 1:10,000 was added and 
incubated for lh at 22 degrees C. TMB substrate was added and optical densities read as 
described for quantitation of Ig fusion proteins in culture media. 

30 
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mAb binding to Ig fusion proteins. The ability of anti-CTLA4 mAb's and the anti-CD28 mAb 
9.3 to bind CTLA4/CD28Ig hybrid fusion proteins and CTLA4Ig mutant fusion proteins was 
assessed by an enzyme immunoassay. 

Wells of microtiter plates (Immulon 2) were coated with 0.5 micro grams/ml of goat anti-human 
IgG (Jackson) for 16-24h at 4 degrees C. Plates were blocked for lh with specimen diluent 
(Genetic Systems), washed with PBS-Tw, then incubated with the Ig fusion proteins for lh at 22 
degrees C. After washing, wells were incubated with mAb at 1 micro grams/ml for lh at 22 
degrees C. 

After further washing, HRP-conjugated goat anti-mouse Ig (Tago) diluted 1:10,000 was added 
and incubated for lh at 22 degrees C. 1MB substrate was added and optical density measured as 
described above. 

CTLA4 molecular model. An approximate three-dimensional model of the CTLA4 extracellular 
domain was generated based on the conservation of consensus residues of IGSF variable-like 
domains. 

Using such IGSF consensus residues as "anchor points" for sequence alignments, CTLA4 
residues were assigned to the A, B, C, C, C", D, E, F, G strands of an Ig variable fold 
(Williams/Barclay, 1988, supra.) and the connecting loop regions (Figure 21). 

The CTLA4 model was built (InsightH, Discover, Molecular Modeling and Mechanics 
Programs, respectively, Biosym Technologies, Inc., San Diego) using the variable heavy chain of 
HyHEL-5 (Sheriff et al., 1987 PNAS 84:8075-8079) as template structure. Side-chain 
replacements and loop conformations were approximated using conformational searching 
(Bruccoleri et al., 1988 335:564-568). 

Several versions of dae model with modified assignments of some residues to □ -strands or loops 
ere tested using 3D-Vofile analysis (Luthy et al., 1992, Nature 336:83-85) in order to improve 
the initial alignment of flle CTLA4 extracellular region sequence with an IGSF variable fold. 
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RESULTS 

Construction and binding activity of CTLA4Ig and CD28Ig mutant fusion proteins. A sequence 
alignment of various homologues of CD28 and CTLA4 is demonstrated in Figure 17. In Figure 
17, sequences of human (H), mouse (M), rat (R), and chicken (Ch) CD28 are aligned with 
human and mouse CTLA4. Residues are numbered from the mature protein N-terminus with the 
signal peptides and transmembrane domains underlined and the CDR-analogous regions noted. 
Dark shaded areas highlight complete conservation of residues while light shaded areas highlight 
conservative amino acid substitutions in all family members. 

Regions of sequ&rce conservation are scattered throughout the extracellular domains of these 
proteins with the most rigorous conservation seen in the hexapeptide MYPPPY motif located in 
the CDR3-like loop oKboth CTLA4 and CD28 (Figure 17). This suggests a probable role for 
this region in the interact!^ with a B7 antigen, e.g., B7-1 and B7-2. 

To test this possibility, site-directed alanine scanning mutations were introduced into this region 
of CTLA4Ig using PCR oligonucleotide primer-directed mutagenesis thereby resulting in 
CTLA4Ig mutant fusion proteins. Similarly two alanine mutations were introduced into the 
CD28Ig MYPPPY motif thereby resulting in CD28Ig mutant fusion proteins. 

All cDNA constructs were sequenced to confirm the desired mutations before transfection into 
COS cells. The concentrations of mutant Ig fusion proteins in serum-free COS cell culture 
media were determined by an Ig quantitation assay. 

The ability of each CTLA4Ig mutant fusion protein to bind to B7-1 expressed on stably 
transfected CHO cells was then determined by an indirect cell binding immunoassay. Binding of 
CD28Ig mutant fusion proteins to B7-1 was assessed by an indirect enzyme immunoassay. Each 
of these assays are described in Materials and Methods. 
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Mutagenesis of each residue of the CTLA4Ig MYPPPY motif to alanine had a profound effect 
on binding to B7-1 as shown in Figure 18. Figure 18 shows that mutations in the MYPPPY 
motif of CTLA4Ig and CD28Ig disrupt binding to B7-1 . Site-directed mutant Ig fusion proteins 
were produced in transiently transfected COS cells, quantitated and tested for their ability to bind 
5 toB7-l. 

In Figure 18 fusion protein quantitations were repeated at least twice with replicate 
determinations. Specifically, Figure 18 shows that CTLA4Ig mutants bind to stably transfected, 
ethanol-fixed B7-1+ CHO cells grown to confluency in ELISA tissue culture plates. Binding 
10 data is expressed as the average of duplicate wells and is representative of at least two 
experiments. 

Y98A and P100A mutants bound to B7-1 but with considerably reduced ability relative to wild- 
type CTLA4Ig. In contrast, the mutants M97A, P99A, P101A and Y102A showed an almost 
15 complete loss of binding. Furthermore, the CD28Ig MYPPPY mutants P103A and Y104A did 
not display detectable binding to B7-1 immobilized on wells of ELISA plates. 

B7-1 transfected CHO cells which were incubated with CTLA4Ig mutant fusion protein, labeled 
with anti-human FITC, and assayed using a FACSCAN showed equivalent results. These results 
20 clearly demonstrate a critical role for the MYPPPY motif in both CTLA4Ig and CD28Ig binding 
toB7-l. 

Characterization of CTLA4/CD28Ig hybrid fusion proteins. Since the MYPPPY motif is 
common to both CTLA4Ig and CD28Ig, it alone cannot account for the observed differences in 
25 binding to B7-1 seen with CTLA4Ig and CD28Ig. The contribution of less well conserved 
residues to high avidity binding B7-1 was assessed using a series of homolog mutants. 

The three CDR-like regions of CD28 were replaced in various combinations with the equivalent 
regions from the CTLA4 extracellular domain (Figure 19). Figure 19 is a map of 
3 0 CTLA4/CD28Ig mutant fusion proteins showing % binding activity to B7- 1 + CHO cells relative 
to CTLA4-Ig. Conserved cysteine residues (C) are shown at positions 21, 92 and 120 
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respectively (CTLA4 numbering). Also shown is the position of the MYPPPY motif. Open 
areas represent CD28 sequence; filled areas represent CTLA4 sequence; cross-hatched areas 
represent beginning of IgG Fc. 

5 Percent binding activities were determined by comparing binding curves (Figure 20 A and B) 
relative to CTLA4-Ig and finding the concentration of a mutant required to give the same O.D. as 
that found for CTLA4-Ig. The ratio of mutant protein to CTLA4-Ig concentration at a particular 
O.D. was then expressed as % binding activity. At least two A450 readings were taken from the 
linear part of the CTLA4-Ig binding curve and the average % binding activity determined. 

10 

^ A total of 14 hybrid cDNA constructs were prepared, sequenced, and transfected into COS cells. 

;fl Concentrations of Ig fusion proteins in serum-free culture media were determined and their 

electrophoretic mobility compared by SDS-PAGE including Western blotting analysis. 

U 15 Under reducing conditions each chimeric protein migrated with a relative molecular mass 
| J 1 ranging between that of CTLA4Ig (Mr-50kDa) and CD28Ig (Mr-70kDa) depending on the size 

□ of the exchanged region. 

;2? Under non-reducing conditions the proteins migrated primarily between 100-140kDa indicating 

□ 20 that these fusion proteins existed as disulfide-linked dimers despite mutagenesis of the cysteine 

residues in the hinge region of the Fc. 

Since four of the five conserved cysteine residues in CTLA4 and CD28 are thought to be 
involved in intrachain disulfide bonds, dimerization of the fusion proteins was therefore most 
25 likely attributable to the fifth conserved cysteine residue at position 120 in CTLA4 (position 123 
in CD28). 

Binding of CTLA4/CD28Ig hybrid fusion proteins to B7-L The hybrid fusion proteins were 
tested for their ability to bind to B7-1 by the same indirect cell binding immunoassay used to 
30 assay the site-specific CTLA4Ig and CD28Ig mutant fusion proteins. 
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Under these conditions the binding between CD28Ig and B7-1 is barely detectable (Figures 20 A 
and B). However, replacing residues 97 to 125 (the CDR3-like extended region) of CD28 with 
the corresponding residues of CTLA4 resulted in an approximately two and a half orders of 
magnitude increase in binding of the CD28Ig analog to B7-1 (Figure 20 A and B). Figures 20 A 
5 and B show that CTLA4/CD28Ig mutant fusion proteins demonstrate involvement of CDR- 
analogous regions in high avidity binding to B7-1 CHO cells. Mutants were assayed as 
described in Example 4. Data is expressed as the average of duplicate wells and is representative 
of at least three experiments. From these curves % binding activity relative to CTLA4-Ig was 
determined as explained and shown in Figure 19. 

10 

^ Binding to B7-1 by this construct, termed HS4 (Figure 19), is approximately five fold less than 

fl wild type CTLA4Ig. The HS2 hybrid which includes additional N-terminal residues of CTLA4 

(amino acids 1-21), did not improve the ability of the hybrid molecule to bind to B7-1 relative to 

'ssl 

S HS4 - 

5 15 

s l The HS6 construct which represents the CTLA4Ig sequence except that it contains the CDR1- 

□ like region of CD28 (residues 25-32), bound similarly. However, the additional inclusion of the 

q CTLA4 CDRl-like region (residues 24-3 1) into the HS4 construct (termed HS7), showed further 

;2 improved binding so that the binding affinity is approximately 44% of CTLA4Ig (Figure 19). 

3 20 

In contrast, inclusion of the CDR2-like region of CTLA4 (residues 50-57) into HS4 (construct 
HS10), did not further increase binding (Figure 19). A similar result was found for construct 
HS11 which had all three CDR-like region sequences of CTLA4 included into CD28Ig. The 
HS5 hybrid which contained only the CDRl-like domain of CTLA4 bound at very low levels. 

25 

The CTLA4/CD28Ig hybrid HS4-A encoded CTLA4Ig residues 95-112 in the C-terminally 
extended CDR3-like region; nine CTLA4 derived residues fewer than HS4 (Figure 19). HS4-A 
bound B7-1 CHO cells less well than HS4 (Figures 19 and 20 B). However, addition of the 
CTLA4 CDRl-like loop (HS8 hybrid), increased B7-1 binding from about 2% to nearly 60% of 
30 wild type binding. 
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On the other hand, addition of the CTLA4 CDR2-like loop into HS4-A (HS12) did not increase 
binding relative to HS4-A; neither did addition of all three CTLA4 CDR-like regions (HS13, 
Figure 19). 

Another hybrid called HS4-B, encoded the CD28 CDR3-like region including the MYPPPY 
motif followed by CTLA4 residues 1 13-122 (Figure 19). 

HS4-B and HS4-A displayed similar binding to B7-1. Unlike HS4-A, however, the inclusion of 
the CTLA4 CDRl-like loop into HS4-B (HS9) did not improve binding (Figure 19), suggesting 
that residues immediately adjacent to the CTLA4Ig MYPPPY motif were important 
determinants in high avidity binding. 

Monoclonal antibody binding to CTLA4/CD28Ig hybrid fusion proteins. The structural integrity 
of each hybrid fusion protein was examined by assessing their ability to bind mAb's specific for 
CTLA4 or CD28 in an enzyme immunoassay. The CTLA4 specific mAb's 7F8, 1 1D4 and 10A8 
block ligand binding (Linsley et al. (1992) supra.). 

These antibodies bound to each of the CTLA4Ig mutant fusion proteins except 11D4 which 
failed to bind to P99A and PI 01 A. Since 7F8 and 10A8 bound to these mutants, the lack of 
binding by 1 1D4 can probably be attributed to mutagenesis perturbing the epitope recognized by 
11D4. 

Conversely, each antibody failed to bind to any of the homolog hybrid fusion proteins except 
7F8 which bound to HS6, and 1 1D4 which bound weakly to HS8. As many of these homolog 
hybrid fusion proteins were, to some extent, able to bind to B7-1, it is likely that lack of binding 
by the antibodies was due to disruption of conformational epitopes formed by spatially adjacent 
but non-linear sequences. 

The CD28 specific mAb 9.3 (Linsley et al. (1992) supra.) failed to bind to either of the CD28 
site-directed mutant fusion proteins but bound to the hybrid fusion proteins HS4, HS4-A, HS7 
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and HS8. With HS2, weaker binding was observed. No binding was seen with the HS5 and 
HS6 constructs. 



CTLA4 model. Figure 21 shows a schematic representation of the CTLA4 model. The 
5 assignment of CTLA4 residues to CDR-like regions is shown in Figure 17. The CTLA4 model 
suggests the presence of an additional (non-Ig) disulfide bond between residues Cys48 and 
Cys66 which supports the similarity of CTLA4 and the Ig variable fold. 

The two possible N-linked glycosylation sites in CTLA4 map to solvent exposed positions of the 
10 Ig beta-strand framework regions. 3D-profile analysis indicated that the CTLA4 sequence is 
overall compatible with an Ig V-fold, albeit more distantly related. 

Residue Vail 14 represents the last residue of the CTLA4Ig-like domain. The conformation of 
the region between Val 1 14 and the membrane-proximal Cysl20 which is thought to form the 
15 CTLA4 homodimer is highly variable in the CD28 family. The picture that emerges is that 
CD28 family members mainly utilize residues in two of three CDR-like regions for binding to 
B7-1. 



The MYPPPY motif represents a conserved scaffold for binding which appears to be augmented 
20 by its C-terminal extension and which is specifically modulated by the highly variable CDR1- 
like region. CDR3 and CDRl-like regions are spatially contiguous in Ig-variable folds. The 
CDR2 like region is spatially distant and does not, in the case of the CD28 family, significantly 
contribute to the binding to B7-1 . 
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DESIGNATION 
HS1 



5 HS2 



HS3 

HS4 

HS4A 

HS4B 

HS5 

HS6 

HS7 



10 



;Q 15 



20 



25 



HS8 



HS9 



HS10 



HS11 



HS12 



HS13 



HS14 



FRAMEWORK 

CTLA4 

CD28 

CTLA4 
CD28 
CD28 
•CD28 
CD28 
CTLA4 
CD28 

CD28 

CD28 



CD28 



CD28 



CD28 



CD28 



CD28 



MODIFICATIONS 
1-24 OF CD28 

97-125 OF CD28 
1-210FCTLA4 

95-122 OF CTLA4 
97-125 OF CD28 

95-122 OF CTLA4 

95-112 0FCTLA4 
113-122 OF CTLA4 

24- 31 OF CTLA4 

25- 32 OF CD28 
95-122 OF CTLA4 

24-31 OF CTLA4 
24-31 OF CTLA4 
95-112 0FCTLA4 
24-31 OF CTLA4 
113-122 OF CTLA4 
95-122 OF CTLA4 
50-57 OF CTLA4 
24-31 OF CTLA4 
50-57 OF CTLA4 
95-122 OF CTLA4 
50-57 OF CTLA4 
95-112 0FCTLA4 
24-31 OF CTLA4 
50-57 OF CTLA4 
95-112 0FCTLA4 
50-57 OF CTLA4 



30 
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TABLE B. Binding of CTLA4 and CD28 monoclonal antibodies to CTLA4Ig and CD28Ig mutant 
fusion proteins and to CTLA4/CD28Ig hybrid fusion proteins. 



anti-CTLA4 mAbs 



CTLA4Ig MUTANT FUSION PROTEIN 

AYPPPY 
MAPPPY 
MYAPPY 
MY PAP Y 
MYPPAY 
MYPPPA 
AAPPPY . 

CD28Ig MUTANT FUSION 

MYPPAY 
MYPPPA 

CTLA4/CD28Ig HYBRID FUSION PROTEINS 

HS1 
HS2 
HS3 
HS4 
HS5 
HS6 
HS4-A 
HS4-B 
HS7 
HS8 
HS9 
HS10 
HS11 
HS12 
HS13 
HS14 
CTLA4Ig 
CD28Ig 



10A8 



+ 

++- 



anti-CD28 mAb 
9.3 



+ 

+++ 



-H- 



■++ 



+++ 



Antibody binding was rated from that seen for wild type proteinX (+++) to above background (+), 
and no detectable binding (-). \ 



EXAMPLE 8 

The following provides a description of the methods used to generate the nucleotide 
5 sequences encoding the soluble CTLA4 mutant molecules having one or more 
substitution mutations in the extracellular CTLA4 portion. S A single-site mutants 
L104EIg were as generated and tested for binding kinetics for CD80 and/or CD86. 
Numerous single-site mutants were generated. The single-site mutants that were tested 
for binding to CD80 and CD86, or tested for allostimulation include the following: 

1 0 LI 04EIg (Figure 23) and LI 04SIg. The LI 04EIg single-site mutant was used as a 
template to generate numerous double-site mutant CTLA4 sequences, including 
L104EA29YIg (Figure 24) 5 L104EA29LIg (Figure 25), L104EA29Tig (Figure 26), 
L104EA29WIg (Figure 27), L104EG105FIg, and L104ES25RIg. Triple-site mutants 
were also generated, including L104EA29YS25KIg and L104EA29YS25RIg. 

15 The L104EIg nucleotide sequence was used as a template to generate the double-site 
mutant CTLA4 sequence, L104EA29YIg, which was tested for binding kinetics. 

CTLA4Ig Codon Based Mutagenesis : 

20 Single-site mutant nucleotide sequences were generated using CTLA4Ig (U. S. Patent 
Nos: 5,844,095; 5,851,795; and . 5,885,796) as a template. Mutagenic CTLA4Ig 
oligonucleotide PCR primers were designed for random mutagenesis of a specific codon 
by allowing any base at positions 1 and 2 of the codon, but only guanine or thymine at 
position 3 (XXG/T). In this manner, a specific codon encoding an amino acid could be 

25 randomly mutated to code for each of the 20 amino acids. PCR products encoding 
mutations in close proximity to E95-G107 of CTLA4Ig (Figure 22), were digested with 
Sacl/Xbal and subcloned into similarly cut CTLA4Ig 7iLN expression vector. This 
method was used to generate numerous nucleotide sequences encoding single-site 
CTLA4 mutant molecules (Example 9). The functional properties of some of the CTLA4 

30 single-site mutants was analyzed (see Example 9). Some of the single-site mutants were 
identified as CTLA4 mutants of interest and were sequenced (see Example 8). 
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L104EIg was identified as a CTLA4 mutant molecule of interest (e.g, having single-site 
mutation). To generate double-site CTLA4 mutant molecules, the nucleotide sequence 
encoding L104EIg was used as a template for mutagenesis in proximity to S25-R33 of 
5 CTLA4Ig (e.g., serine at position +25 through arginine at position +33), a silent Nhel 
restriction site was first introduced 5' to this region, by PCR primer-directed mutagenesis. 
PCR products were digested with Nhel/Xbal and subcloned into similarly cut CTLA4Ig or 
L104EIg or L104EIg expression vectors. The functional properties of some of the CTLA4 
double-site mutants was analyzed (see Example 9). Some of the double-site mutants 
10 were identified as CTLA4 mutants of interest and were sequenced (see Example 8). 

L104E29YIg was identified as a CTLA4 molecule of interest (e.g., having double-site 
mutations). The nucleotide sequence encoding L104E29YIg was used to generate triple- 
site CTLA mutant molecules. The functional properties of some of the CTLA4 triple-site 
1 5 mutants was analyzed. Some of the triple-site mutants were sequenced (see Example 8). 

This method was used to generate the double-site CTLA4 mutant molecule 
L104EA29YIg (Figure 7). 

20 EXAMPLE 9 

The following provides a description of the methods used to identify the single- and 
double-and double-site mutant CTLA polypeptides, expressed from the constructs 
described in Example 8, that exhibited binding to CD80 and/or CD86 antigens. 

25 

Current in vitro and in vivo studies indicate that CTLA4Ig by itself is unable to 
completely block the priming of antigen specific activated T cells. In vitro studies with 
CTLA4Ig and either monoclonal antibody specific for CD80 or CD86 measuring 
inhibition of T cell proliferation indicate that anti-CD80 monoclonal antibody did not 
30 augment CTLA4Ig inhibition. However, anti-CD86 monoclonal antibody did, indicating 
that CTLA4Ig was not as effective at blocking CD86 interactions. These data support 
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earlier findings by Linsley et al. (Immunity, 1994, 1:793-801) showing inhibition of 
CD80-mediated cellular responses required approximately 100 fold lower CTLA4Ig 
concentrations than for CD86-mediated responses. Based on these findings, it was 
surmised that soluble CTLA4 mutant molecules having a higher avidity for CD86 than 
5 wild type CTLA4 should be better able to block the priming of antigen specific activated 
cells than CTLA4Ig. 

To this end, the soluble CTLA4 mutant molecules described in Example 8 above were 
screened using a novel screening procedure to identify several mutations in the 
10 extracellular domain of CTLA4 that improve binding avidity for CD80 and CD86. 

In general, COS cells were transfected with individual miniprep plasmid cDNA and three 
day conditioned culture media applied to BIAcore biosensor chips (Pharmacia Biotech 
AB, Uppsala, Sweden) coated with soluble CD80Ig or CD86Ig. The specific binding and 
15 dissociation of mutant proteins was measured by surface plasmon resonance 
(O'Shannessy, D. J., et al., 1997 Anal Biochem. 212:457-468). 

Screening Method 

20 COS cells grown in 24 well tissue culture plates were transiently transfected with mutant 
CTLA4Ig and culture media collected 3 days later. 

Conditioned COS cell culture media was allowed to flow over BIAcore biosensor chips 
derivatized with CD86Ig or CD80Ig, and mutant molecules were identified with off rates 
25 slower than that observed for wild type CTLA4Ig. The cDNAs corresponding to selected 
media samples were sequenced and DNA was prepared from these cDNAs to perform 
larger scale COS cell transient transfection, from which mutant CTLA4Ig protein was 
prepared following protein A purification of culture media. 

30 BIAcore analysis conditions and equilibrium binding data analysis were performed as 
described in J. Greene et al. 1996 J, Biol Chem. 271 :26762. 
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BIAcore Data Analysis 

Senosorgram baselines were normalized to zero response units (RU) prior to analysis. 
Samples were run over mock-derivatized flow cells to determine background RU values 
due to bulk refractive index differences between solutions. Equilibrium dissociation 
constants (Kd) were calculated from plots of R*, versus C, where R^ is the steady-state 
response minus the response on a mock-derivatized chip, and C is the molar 
concentration of analyte. Binding curves were analyzed using commercial nonlinear 
curve-fitting software (Prism, GraphPAD Software). 

Experimental data w^re first fit to a model for a single ligand binding to a single receptor 
(1-site model, i.e., aVmple langmuir system, A+BDAB), and equilibrium association 
constants (Kd=[A]-[B]\[AB]) were calculated from the equation R=R ma x , C/(K d +C). 
Subsequently, data were fit to the simplest two-site model of ligand binding (i.e., to a 
receptor having two non-interacting independent binding sites as described by the 
equation R=Rmaxi •C\(K dl +C)+Rp 1 ax2»C\(K d 2+C). 

The goodness-of-fits of these two models were analyzed visually by comparison with 
experimental data and statistically by an F test of the sums-of-squares. The simpler one- 
site model was chosen as the best fit unless the two-site model fit significantly better 
(P<0.1). 

Association and disassociation analyses were performed using BIA evaluation 2.1 
Software (Pharmacia). Association rate constants ko„ were calculated in two ways, 
assuming both homogenous single-site interactions and parallel two-site interactions. For 
single-site interactions, ko n values were calculated according to the equation Rt=Re q (l- 
exp'^ o), where Rt is a response at a given time, t; Re q is the steady-state response; to is 
the time at the start of the injection; and k s =dR/dt=ko„»Ckoff, where C is a concentration 
of analyte, calculated in terms of monomeric binding sites. For two-site interactions kon 
values were calculated according to the equation Rt=Rsqi(l-exp" ksl(t " , o)+R 8q2 (l-exp ks2(w o). 
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For each model, the values of kon were determined from the calculated slope (to about 
70% maximal association) of plots of k s versus C. 

Dissociation data were analyzed according to one site (AB=A+B) or two sites 
5 (AiBj=Ai+Bj) models, and rate constants (k<,ff) were calculated from best fit curves. The 
binding site model was used except when the residuals were greater than machine 
background (2-10RU, according to machine), in which case the two-binding site model 
was employed. Half-times of receptor occupancy were calculated using the relationship 
t,/ 2 =0.693/koff. 

10 

Table I: Equilibrium binding constants (See also Figure 28) 

CD86Ig (Kd) 

13.9±2.27 
6.06+0.05 
3.21±0.23 

15 BIAcore™ Analysis: All experiments were run on BIAcore™ or BIAcore™ 2000 
biosensors (Pharmacia Biotech AB, Uppsala) at 25°C. Ligands were immobilized on 
research grade NCM5 sensor chips (Pharmacia) using standard N-ethyl-N'- 
(dimethylaminopropyl) carbodiimidN-hydroxysuccinimide coupling (Johnsson, B., et al. 
1991 Anal Biochem. 198: 268-277; Khilko, S.N., et al.1993 1 Biol Chem 268:5425- 

20 15434). 



Table II: BIAcore analysis of Single-site CTLA4Ig mutants binding to CD86 



Single-site Mutant: 


% of Mutants that Bind: 


% Mutant Non-binding: 


S25 


95 


5 


P26 


94 


6 


G27 


91 


9 


K28 


57 


43 



CD80Ig (Kd) 
CTLA4Ig 6.51±1.08 
L104EIg 4.47±0.36 
L104EA29YIg 3.66±0.41 
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A29 


74 


26 


T30 


95 


5 


E31 


5 


95 


R33 


5 


95 








K93 


78 


22 


L96 


81 


19 


M97 


4 


96 


Y98 


2 


98 


P99 


20 


80 


P100 


11 


89 


P101 


28 


72 


Y102 


2 


98 


Y103 


84 


16 


LI 04 


94 


6 


G105 


55 


45 


1106 


75 


25 


G107 


90 


10 


QUI 


95 


5 


Y113 


95 


5 


1115 


95 


5 



Table HI: BIAcore analysis of Double-site CTLA4Ig mutants binding to CD86 



Double-site Mutants: 


% of Mutants that Bind: 


% Mutant Non-binding: 


L104ES25 


95 


5 


L104EP26 


93 


7 


L104EG27 


92 


8 


L104EK28 


70 


30 
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L104EA29 


94 


6 


L104ET30 


95 


5 








L104EK93 


82 


18 


L104EG105 


94 


6 


L104EI106 


92 


8 


L104EG107 


90 


10 


Table IV: BIAcore analysis of Triple-site CTLA4Ig mutants binding to CD86 




Triple-site mutants: 


% of Mutants that Bind: 


% Mutant Non-binding: 




L104EA29YS25 


95 


5 




L104EA29YP26 


93 


7 




L104EA29YG27 


95 


5 




L104EA29YK28 


81 


19 




L104EA29YT30 


92 


8 




L104EA29YL98 


96 


4 





5 



Flow Cytometry : 

Murine MAb L307.4 (anti-CD80) was purchased from Becton Dickinson (San Jose, 
10 California) and IT2.2 (anti-B7-0[also known as CD86]), from Pharmingen (San Diego, 

California). For immunostaining, CD80 and/or CD86 +CHO cells were removed from 

their culture vessels by incubation in phosphate-buffered saline containing lOmM EDTA. 

CHO cells (1-10 x 10 s ) were first incubated with MAbs or immunoglobulin fusion 

proteins in DMEM containing 10% fetal bovine serum (FBS), then washed and incubated 
15 with fluorescein isothiocyanate-conjugated goat anti-mouse or anti-human 

immunoglobulin second step reagents (Tago, Burlingame, California). Cells were given 

a final wash and analyzed on a FACScan (Becton Dickinson). 
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FACS analysis (Figure 29 A and B) of CTLA4Ig and mutant molecules binding to stably 
transfected CD80+ and CD86+CHO cells was performed as described herein. 

5 CD80+ and CD86+ CHO cells were incubated with increasing concentrations of 
CTLA4Ig, washed and bound immunoglobulin fusion protein was detected using 
fluorescein isothiocyanate-conjugated goat anti-human immunoglobulin. 

In Figure 29, L104EA29YIg (circles), or L104EIg (triangle) CHO cells (1.5x10 s ) were 
10 incubated with the indicated concentrations of CTLA4Ig (closed square), L104EA29YIg 
(circles), or L104EIg (triangle) for 2 hr. at 23 °C, washed, and incubated with fluorescein 
isothiocyanate-conjugated goat anti-human immunoglobulin antibody. Binding on a total 
of 5,000 viable cells was analyzed (single determination) on a FACScan, and mean 
fluorescence intensity (MFI) was determined from data histograms using PC-LYSYS. 
15 Data have been corrected for background fluorescence measured on cells incubated with 
second step reagent only (MFI = 7). Control L6 MAb (80 ^ig/ml) gave MFI < 30. This is 
representative of four independent experiments. 

The binding of L104EG105FIg, L104EIg, and CTLA4Ig (Figure 35 A and B), or the 
20 binding of L104ES25RIg, L104EIg, and CTLA4Ig (Figure 37 A and B) to CHO cells 
stably transfected with human CD80 or CD86 were also compared. The transfected CHO 
cells were incubated with increasing concentrations of proteins for 2 hours at 23 degrees 
C, washed and incubated with fluorescein-conjugated goat anti-human IgG. Binding on a 
total of 5,000 viable cells was analyzed on a FACScan, and mean fluorescence intensity 
25 determined from data histograms using PC-LYSYS. 

Functional Assays : 

Human CD4 + T cells were isolated by immunomagnetic negative selection (Linsley et al., 
30 1992 J. Exp. Med 176:1595-1604). 
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Inhibition of PMA plus CD80-CHO or CD86-CHO T cell stimulation (Figure 30 A and 
B) was performed, comparing CTLA4Ig and L104EA29YIg. CD4 + T cells (8-10 x 
10 4 /well) were cultured in the presence of 1 nM PMA with or without irradiated CHO 
cell stimulators. Proliferative responses were measured by the addition of 1 nCi/well of 
5 [ 3 H]thymidine during the final 7 hr. of a 72 hr. culture. 

The effect of L104SIg, L104EIg, and CTLA4 were also compared. The effects of 
increasing concentrations of CTLA4Ig 5 L104EIg, L104SIg, or isotype matched negative 
control were measured on stably transfected CD80-CHO (Figure 34 A) and CD86-CHO 
10 cell costimulation of PMA-stimulated peripheral blood CD4+ T cells. T cells (5.0 x 10 4 
cells/well) stimulators (Figure 34 B). Proliferation was measure by the addition of 1.0 
micro Ci/well of 3 H-thymidine during the final 7 hours of a 72 hour culture. The symbols 
for L104EA29YIg (open circle), CTLA4Ig (closed square), and control (open triangle) 
represent means (± standard deviations) of triplicate determinations. 

15 

Figures 31 A and B, and 26 A and B show inhibition of allostimulated human T cells 
prepared above, and allostimulated with a human B LCL line called PM. T cells at 
3.0xl0 4 /well and PM at 8.0xl0 3 /well. Primary allostimulation occurred for 6 days then 
the cells were pulsed with 3 H-thymidine for 7 hours before incorporation of radiolabel 

20 was determined. Secondary allostimulation was performed as follows. Seven day 
primary allostimulated T cells were harvested over LSM (Ficol) and rested for 24 hours. 
T cells then restimulated (secondary) by adding PM in same ratio as above. Stimulation 
occurred for 3 days, then the cells were pulsed with radiolabel and harvested as above. 
To measure cytokine production (Figures 32 A and B), duplicate secondary 

25 allostimulation plates were set up. After 3 days, culture media was assayed using 
Biosource kits using conditions recommended by manufacturer. 

The inhibition of proliferation of primary allostimulated Tcells was also performed using 
L104EIg and L104EG105FIg (Figure 36). Purified CD4+ cells (5.0 x 10 4 cells/well) 
30 were incubated with an irratiated LCL allogeneci B cell line (1.0 x 10 4 cells/well) in the 
presence of increasing concentrations of CTLA4Ig, L104EIg, L104EG105FIg, or isotype 
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negative control. Proliferation was measure by 3 H-thymidine incorporation over the final 
7hours of a 6 day assay. Symbols for CTLA4Ig (closed diamond), control (closed 
square), L104EIg (open triangle), and L104EG105FIg (open square) represent means (± 
standard deviations) of triplicate determinations. 

5 

Monkey MLR (Figure 33). PBMC'S from 2 monkeys purified over LSM and mixed 
(3.5xl0 4 cells/well from each monkey) with 2ug/ml PHA. Stimulated 3 days then pulsed 
with radiolabel 16 hours before harvesting. 

10 EXAMPLE 10 

; Q The following provides a description of the methods used to generate the soluble CTLA4 

: i: mutants, using phage display techniques. 

; 0 

ii 15 High Avidity Mutagenesis of CTLA4Ig through Phage Display System 

□ Recombinant phage display technology was performed to select CTLA4Ig mutant 

i=j molecules which bind to CD80 and/or CD86. This method was used to screen millions of 

;*f CTLA4 mutants, express them on the surface of phage particles, and select strong 

a 20 CD86Ig binders by a panning procedure. The pCANTAB 5E phagemid system 
(Pharmacia Biotech) was used in this study. 

Expression of wild type CTLA4X ( extracellular domain) in pCANTAB 5E phage 
display system 

25 

Cloning: 

The region encoding the complete CTLA4 extracellular domain was cloned into pCANTAB 
5E vector to create a fusion protein with Gene in (phage coat protein). The pCANTAB 5E 
- CTLA4 X was transformed into TGI E. coli bacterial cells. 
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Phage rescue: 



The bacteria containing the vector encoding the wild-type CTLA4-Gene HI fusion protein 
was infected with helper phage. Phage particles were assembled in bacteria and released 
into the media. Each phage particle was expressed approximately 1 CTLA4-Gene m fusion 
protein on the surface. 0.1 ml of bacterial culture was added to 5 ml of 2x TY AG medium, 
the bacteria were grown at 30 degrees C for 2 hours. 0.25 ml of M13K07 helper phage (5 x 
10 10 / ml ) was added, the cells were shaked at 37 degrees C, 250 rpm for 1 hr. The cells 
were spun down and the supernatant was discarded. The cell pellet was resuspended in 5 ml 
2 x YT AK medium, shaken at 250 rpm, 37 degrees C overnight. The cells were spun 
down and saved as the supernatant as phage stock. 

Mutagenesis of CTLA4X 

Mutation sites occurred in a region encompassed by tyrosine at position +23 through 
threonine at position +30 (e.g., Y23-T30). All amino acids residues within the Y23-T30 
were mutated to each of the 20 amino acids, yielding a total diversity of nucleotide 
sequences of about 2.8 xlO 14 . 

Mutagenesis and preparation of phage display library 

From tyrosine +23 to threonine +30, a pool of degenerate forward primers were generated 
having the following sequence: 

5 ' CGA GGC ATC OCT AGC TTT GTG TGT GAG XXK XXK XXK XXK XXK XXK 
XXK XXK GAG GTC <£GG GTG ACA GT 3' 

Where X = any of the fourVucleotides A, T, G, or C and K = either T, G, or C 
Each primer contained a NheJ restriction enzyme cut site. 

The reverse primer had the following sequence: 

5' GGT TGC CCXS^ACA GAC TTC GGT CAC CTG GCT GTC AGC CTG CCG AAG 
CAC TGT CAC CCGSGA 3' 
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This primer contained a Bste II restriction enzyme cut site. 

By PCR, mutagenic inserts were prepared using the degenerate primers and the standard 
reverse primer. These inserts were digested with Nhe I and Bste II and ligated into 
pCANTAB-CX2 phagemid digested with the same enzymes and transformed intoTGl 
5 cells. 

Preparation of mutated B-C loop-pCANTAB-CX2 library: 

45 electroporations were performed at 1.7 KV, 300 Q, 25pF, 4.5 ms with Bio-Rad Gene 
Pulser. The library size was 10 12 . 

10 

Phage rescue: 

Ten ml of amplified library cells were added to 40 ml 2 x YT-G-A, the cells were grown 
from OD 0.1 15 to 0.332 at 37 degrees C. Total cells = 0.332 x 10 9 x 50 =1.66 x 10 10 
M13K07 helper phage ( 20 x 1.66 X 10 10 = 3.32 x 10 11 ) were added to the culture and 
15 incubated at 30 degrees C with shaking for 1.5 hours. The culture was spun down and the 
supernatant removed. The cells were resuspended into 50 ml 2x TY A-K medium and 
incubated at 30 degrees C with shaking at 250 rpm overnight. The cells were spun down 
and the supernatant was saved. The phage was PEG precipitated from the supernatant. The 
precipitated phage was used for the first round panning procedure. 

20 

Panning: 

The phage particles expressing a mutant CTLA4-Gene III fusion protein were allowed to 
bind to CD86 immobilized on plastic. The strong binders were preferentially selected and 
enriched. A 96-well plate was coated with CD86Ig at 4 micro grams/well at 4 degrees C 
25 overnight. The wells were blocked with PBS-milk for 2 hours. The phage were mixed with 
equal volumes of PBS-milk and incubated at room temperature for 30 minutes. 200 micro 
liters of phage mixture was added to each well and incubated for 2 hours. The wells were 
washed with PBS tween and eluted with glycine buffer pH 2.2. The eluted phage were 
collected, used to reinfect TGI cells, rescued and panned several times. 

30 
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Panning results: 



I s round: 



Input phage 

Wash(x7) 

Elute 



6x 10" 
2.8 x 10 8 
3xl0 8 



2 nd round: 



10 



3 rd round: 



Input phage 
Wash 10 
Elute 

Input phage 
Wash 12 
Elute 



4.8 x 10 11 
7x 10 7 
4.5 x 10 7 

1 x 10 12 

2xl0 7 

3xl0 7 



15 



4 th round: 



Input phage 4x10" 
Wash 15 2 x 10 7 
Elute 1 x 10 9 



20 



5 th round: 



Input phage 
Wash 35 
Elute 



8x10" 
7xl0 7 
5xl0 9 



25 



30 



Five mutants we\e enriched through these 5 rounds of panning. 

Mut 9 F-E-PtK-R-G-V-Q 

Mut 19 W-D-Q-Y-T-G-Y-G 

Mut 71 W-D-A-yV-N-Q-Q 

Mut 45 Y-D-H-P-Y-b-G-Q 

Mut 4 W-D-Q-H-V-S\R-R 

CTLA4 Y-A-S-P-G-K-y 
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